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A veling & Porter, Ltd., 


RocuesTer, KENT, 
and 72, Canyon Street, Lonpoy, 

STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM OULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS, 

ORMERT- MAKING MAOCHIN ERY. esti 


A. Gg M2miora, [2-1 


CULVER STREZT WORKS, COLCHESTER. 
Ox Apmrmauty axe War Orrice Lists. 


ENGINES for wos sian Yachts, Launches, 
BOLLER FEED PUMPS. 


See Advertisement, page 29, last week. 
PATENT bage e8 BOILE 
’ TOMATIO FEED ULATORS 


And ‘iiamaey  Taaiatealy a8 supplied to aay 


arine Steam Tarbines|siaes 
i 
JOHN SAMUSE Wit White ry F COMPANY, Lzp,;. 
Shipbuilders and Engineers, 
ast COWRS, LW. 





cc's x retent ate ASh Kjector. 
of labeur. Nonoise. . Nodust. No 
dirt. As’ 20 ft. clear of vessel—Apply, 
F.d, TREWENT 2 ROCTOR, Erv., Naval Archi- 
coche aan Pepe egrens 48, Billiter Blags., Billiter St. 
London, B.0. 0a 4838 


Petter Qi fore 


PUTTERS Lincirae, Unginvers, Yes Yeovil. 
See our [Hustrated Advt. every alternate werk. 


(zig & Donald, Ltd., Machine 


MAKERS, JonnsTone, near Glasgow. 
Ret Sess of Maiden Seabk ane vas nnentes 
Advertisement every alternate week. 








arrow & Co., Ltd., 


¥ S EE hae AND BNGINBERS, 
former! 


SPEEDS SPERDS UP TO M 
PADDLE OR TSCREW 8 


Exceptional Shallow Draught 


SELS PROPELLED BY STEAM 
Turbines or 
Internal Combustion Engines. 


Od 8752 


(‘ampbells & Pete, [%- 
* SPECIALISTS IN 


Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





38 '¥ achts, Launches or Barges|snoap sthusr 


= Maccataary es with Steam, Of! 7 


5045 vosrana & Co., yng Sane Srreet, PorTsMouTH. 





[lank Locomotives 
J 
Specification and Workmanship equal te 


Main Line 
R. & W,. HAWTHORN, LESLIE & 0O., Lrp., 
ENGUEERS, NEWOASTLE-ON-TYNE. 


MU otan or 
(Cochran Aes TOR 


E TYPES. 
: Boilers. 
See page 86, 5734 


, | Cranes. —Steam and Electric. 


STEAM NAVVIES, GRAB CRANES, 
SHIPS DECK MA MACHINERY. 








J ohn H. W ilson&Co., Ltd. 


Dock Roap, BrrKENHEAD. 
London Office :—15, Victoria Street, S.W. 





FOR 3 
rop sam pin ge 


GARTSHERRIN ENGINEERING & FORGE CO., 
50, WELLINGTON Streer, GLascow. 5433 


P & W. MacLellan, Limited, 
4 OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY PESORIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &ec. 
Chief Offices: 129, Trongate, Guascow. Od 8547 
Moginttres Office: 2064, Cannon St., London, B.C. 


Gteam Hammers (with or 
TOOLS for SufPwULLDENS & BOLLMAMA HLS, 


DAVIS& PRIMROSE, Lauren, Leita, ekkionee. 


Brett's Patent JT ter (%-, 


Hammers, Presses Presses, Furnaces, 


610 
Bere: pais & Co., Litd., 

















ranes.—Electric, Steam, 
PADESVENS diag ghd 


GEORGE p Rugeae ec & CO., Lrp., 
Motherwell, near Glasgow. 569 


Tt ona. Railway 
ere em 9 


Lente: Othe tk Fiennes Beet, BW, mie 
ee 


i 





TRAMWAY 





ee 





Weriese = Steal F = bos} 


[ihe Norman panne Fe 
Pe Co., Ltd. ern. 1909, 


ConTRacTrors TO THE ADMIRALTY. 


ears’ 6 


rience 
in Design s and nst ion of Aircraft. 


“THE FIRM WHO GAVE THE FLYING BOAT 
TO THE NAVY.” 


ALL BRITISH BUILT. 


5399 
Address :—Mippreron, Boanor, ENGLAND. 
Telegraph—" Soaring, Bognor.” Telephone—48 Bognor 


s Gripoly Oe 


MACHINE BELTING 


FOR 
Drivize 


(jonveying 


Pilevating 


Sore MANUFACrURERS 
Loris & MP\y lor, Ltd., 


CARDIFF. 
MANCHESTER. 
Iron and Steel 

Tubes and nd Fittings. 
~ |The Scottish ‘Tube ato, Ltd Ltd., 


apnea ORR age 





544 


Lonpor, » GLaseow. 





R Sadinaens Limited, 
eanee IRLAM, MANCHESTER. 


aD TouiPibea EVAPORATORS, Row’'s 
CONDENSERS, HEATERS, Parents, 
STEAM ayxp GAS Re 
Merrill's Patent TWIN STRAINERS 
SYPHONIA STEAM . REDUCING VALVES 
se GUNMBTAL STEAM FITTINGS. 
TER SOFTENING and FILTERING, 6723 


I[iubes, Tron and Steel. 
ao win Lewis & Son, sees 
143, Cannon St zo, Wolverhampton. 


Tuts sod Pig 
Stewarts and Fest J, 


41, OSWALD 8ST. 

OHAMBMRA Bins BIRMINGHAM ; 
and LONDON OFFICE— 
LONDON WAREHOUSE 1st v Potgn Drasae BC é 

PR. 

LIVERPOOL W VOL WAREHOUSE 48, ‘Panavise 87. 
SB—S4, Deanseare. 
Bure Sr. 

—Nine Srreer, 

Street. 


Pump 








MANCH a ong 
CARDIFF WAREHOUS. 
BIRMINGHAM WAREHOU: 
and 10, 
ment page 26. 


MANUFACTURERS 
Valves and Packings 
GUTTA PERCHA & RUBBER, LIMITED. 


Toronto - + Canada, 6211 
Tue Giascow Routine Stock aNp PLant WonrKs, 





ites Gas RAHWAY CARRIAGES, WAGONS, 
ARS and every 


OTHER DPSCRIPTION 01 
RAILWAY. yo TRAMWAY ROLLING STOCK. 
Mak Axies, Ramiway Puast. 

RON AND Brass Castives. 
Chief Works: ees: 
London 14, Leadenhai tee EC 
See po in alternate issues. 
R. Heber Radford, Son« Squire 
Byermrrnine, Inow amp Street Works. 


Hstablished) Valuers, over 50 years. 


ConsvuLTIne Ereirerns, RuyEnens, ARBITRATORS 
anp Patent Acxnrs. (Senior Partner, R. Hesen 
Raprorp, Mem. Inst. Mechanical cers, Mem 
Inst. Naval Architects, Mem. and Steel 
Inst., ays ag ee Institute of Patent Agents. 
SHEFFIELD, 


5, Sr. J 4MeEs Row, 5545 
Telegrenis: Radford, | Sheffield.” _ Telephone : 425. 
eparators 


— FoR — 
BXHAUST STHAM 
TURBINES COM- 
PRESSED 


8 Ae, &c. 
STEAM DRYBRS, 


0 , & C 
Pp™= FI Z 5191 





Y arrow Patent 
Wiater-Lube 


Massns. YARROW & OO. UNDERTAKE the | 
PRESSING and MACHINING of the various 
a. Seen ereiees as the Steam 
ets, an 
Firms not ha’ ey 
YARROW & 





es »j ohn Bellamy, [sed 


MILLWALL, LONDON, B. 
Generar ConstrucrionaL Byeinemns. 1916 


Boilers, Tanks & Mooring g Buoye 


STILIa, Peron Ta Tay pe a ag 
Cumwners, Rtv Vwtunane 


Prr®a, Rovaan, Se Sreciat. ¥ Work, Rerains oF 
ALL 


RAILWAY cAkntAGile Bo Stem OARS, &c. 


a elson & (‘o., Md: 


ied “Wighteon & Ce 
LIMITED. 


See Advertisement 26, dan, iy. 


Mixtthew pal & Ce. Ta 
Leverrornn Works, Dumbarton. 5304 


ER page 48, Jan. 12. 


Sasa. boca cae ee 


es, § Suction Plants, - 


advice. ESD DAVIS. MC. 1, Mosh, Bo Great 
Telephones Haat 


| He Nelson & Co., Ltd, | Road, Steattora. 


660. ‘Del. : Rapidieing, London 
Taylor & Oheliea. 5 


saeor peed 


Tossings. 
T. SUMMERSON & SONS, LIMITDD, 
Daxuieron. : 
GOLD MEDAL-invarrions Hxnistrion- : 
Dockham's 8 Patent 8 ded ~ 
ROAD BNO NHBKING Wonks OO! inp... 
ioanen, Se Le ing yd Cranes, Gein oceonae 
Tike, have, last week, page 17. 


“Wilkinson & Sons, | 


are OPEN to U 


alan Orrin. adic 











(‘ranes (Binningham) Limited 
183, MOSELEY STREET, BIRMINGHAM, 


Die Castings 


in“ White and Yellow Metal. 
Drop Stampings 
in Yellow Metal and Steel. 5552 


io ” Stock joes (ee 


ft.3in. 150 w. 








New Chicago ‘Automatics, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through the wire feed. 








= Heats iat 
a - Normand - 


67, rue de Np mag HAVRE 
(FRANCH). 
¥ Boats, Yachts and Fast, Boats, 
tcc ~ rrofiee Subenersthhe Boata. 
rere = j 


Ceveral “Generating 


jon from 100 to 800 


wo a 
two 
a? 





, D.C. and AC., 


Mer 57 TOR with Kw.. 
aoe nctie 81 RP, M., age recoupled 


er vol 
and 


ya, orons, Sie thee pines OE. ‘ 


z 
Wesk Walls: Nowenstio-on-Tyne. was 


B..* 8. "liar 


team 
8 





Gee. Ber 





oilers. ~ |} 








the Manchester Steam Users’ 


ASSOCIATI 
dete Beioiedion ot aes oe Bxplostons and 
dhe gs ty of Beonomy in the Application of | 


Mourt Srreer Pog 
Chief mngineer c.R, STHOMMY RE, M wR. 
Founded 1854 by Sir W. 
Certificates of Safety Sper Beng go been 
bee Act, 1901. e be 
ad may WT inolasecs. 
ond Boer reer dering coystruction, 


BRITISH TRON MANU PACTURNNS 5 PUDDLING 
RESHARCH COMMITTSE 


‘nvestigations and Experi- 
E e being carried out, witha view 
IMPROVING Present Methods of "PUDDLING, 
1.¢,, a8 regards — 
TYPB OF FURNAOCBS; 
out 


LABOUR-SAVING APPLIANORS, &c. 

The pon atagd will rd oscome Heng igen 
8 estions from an es or others 
with a view to I favedtention, and, if needs be, 

Practical Demonstration. 

Communications, which should briefly outline 
the ewe im: gate t, should, in the 9 
place, be igned, if 
not later then : MON par 20th BI Ngan UARY, io1 


WALTER DIXON, M.LM.E., M.1.2E.E., 
Interim Secretary, 
38, Batu yap. 


LASGOW. FO! 


; THE 
[Jniversity of Liverpool. 


SESSION 1916-17, LENT TERM BEGINS ON 
%h JANUARY. 


FACULTY wt foo ay ghaaeeig 


I. Ww tag ANDERSON. ™. Eng., nay Inst, 0. B, 
ROFESSONS AND LECTURERS 
siraremiiee, 
farrison Professor—W. H, Warkinsox, M. 
Kng., M. Inst. C.., M.1, Mech. B., M1, 
leo turer in Strength of Materials—W. Mason, 


».Sc., Assoc. M, Inst. C.K. 
BLEC THOAL RNGINKERING. 
David Jardine Professor—K. W. MARCHANT, 
D.Sc., M.1. BR. 
Lecturerin Municipal Electrical Engineering- 
Associate Professor—A. Baomuey HoiMeés, 
M.Eng., M. Inst. C.E., M.LB.B. 
c1Vv it EN IN BERING 
Professor 8, W. Prrrorr, M.A.1., M.Inst.C.B. 
Bngineerin — Associate 
PINALL, M.Eng., M,Inst. 


Leeturer in Rallwa 
Professor J. A. F. 
U.B,, M.1, Mech. 

Lecturer i in Manioipal Engineering— Associate 
Professor J. A. Bronrk, M. Eng,, M. Inst. 
O.8., MI. Mech, k. 

Lecturer in Dock and Harbour Engineering.— 
Associate Professor A. G. Lysrer, M.Kng., 

P. Iust. C.B. 

Pf Dat Lae eet 
Ruspey, D.8c., FY Ad « 

Leotvrer in Dock and Harbour Construction— 
T. R. Wioron, M.A., Assoc. M, Inst, C.B. 

NAVAL ARCHITRCTU! RB, — Alexander Elder 
Sa a Lt A tps M.Eng., 
MARINE. ANGINRERING. —Professors and Lec- 
turersin Naval Architecture and ok a 
—— AND a AND REFRIGE 
N. Lectarer—J. Wemyss ANDERSON, 
Ma. Bug. . M. Inst. C.B., M.1, Mech, B, 
MATHE "ATICS. Professor F. §, CAREY, M.A. 
PHYSIOS. on Jones Professor—L. RK. WILBER- 


Frokor, M.A. 
CHEMISTRY —Grant Professor—K. ©. C. BALY, 
, F.RS., B.1.0. 

The yn Matriouletion Examination, or the 
Entrance Examination, must be passed to secure 
admission to Courses of Instruction in the Faculty, 

The Pros us of the Faculty may be obtained 
on application to the undersigned. 


EDWARD CARBY, Registrar. 


—J. VINCENT 





STRUCTURAL ENGINEERING. 


For Particulars of Course of | 4282, 
INSTRUCTION CORRESPO or, 

write to “THE WHSTM ‘BR BNGIN: 

BURBAUD,” 23, Old Oak Road, Acton Park rs 








TENDERS. 





IN THE MATTER OF THE TRADING WITH 
THE RNEMY AMENDMENT ACT, 1916. 


The PUBLIC TRUSTER invites 


(Trenders for the Purchase 


the Whole or any part of 8,679 * A” 8h 
of £10 each, fully and 1,200 “B” Shares 
£10 each, fully . fa the TUDOR ACOUMU4 
LATOR COM LIMITED, vested in him as 
Custodian by an Oct of the Board of Trade, dared 
the 2nd October, 1916, 

The issued capital of the Company consists of 
8,800 “ A’ Shares of £10 each, fally paid, and 1,200 
“B” Shares of £10 each, full: 

The purchasers 
jects, will be required to 


fi 
Ona form to be obtained from the’ Offices of the 
—— Trustee. 
A report upon the result of the past operations 

and the present Yaar AR of — Company, has been 4 
made to the Tesla: Krox 
wees & Compayy, © Accountants, of 

Spencer ee, South be Fn ad ee tegeet, 
together with copies of the Company's Accounts, 
can he tt ted either at the Offices of-the Public 
Trustee, Kingsway, W.C., or at. those of 
Kyox, Cropper & Cow Comrany, 

Tenders must be delivered, sealed, the Pu 
Trustee, ©.,.on 


marge ATT at 
Tudor 


¥ 994 | ment in the 


TO MAKERS AND UsEKS OF LOCOMOTIVES, 
The MINISTRY OF y MUNITIONS are prepared 


ffers. or lew or Good | insite 


Second-hand SHUNTING LOOO- 
various 


BAINES, 3 Deputy Onict ‘Bagine neer, H.M 

M. 
Works, King Charter cr Stree, Whitehall, London, 
8.W.: an weight; maker's name; 
when ball tne and by whom last overhauled ; 


nM O Ofties of Werks, &e., 
, 1917. F 972 
To MARS a AND USES OF STEAM 
MOTIVE CRANES. 


The MINISTRY ns &, MONITIONS are prepared 


ffers ae “Good Second- 


hand STEAM TRAVELLING 
ST edauotene sizes. 


BAIN Bs, Bate 
Works, Storey's vy h. 


Type: mmm whether 2, 3or5 tons; radius 

maximu 3 amiaker’s name; ne where 

seen; price. All for standard gauge only 
HM. Office of Wor ks, &e, 

lish Jaane*y.1017, 

~~ COUNTY BOROUGH OF BRIGHTON. 

TO IRONFOUNDERS, METAL MERCHANTS, 

ana OTH! HBRS. 


F973 


The Corporation not 2 Brighton invite 


(fers for the Purchase of 


Disused BDILERS and PUMPING MA- 
CHINBRY, &c, 
me further information can be obta'ned from the 
, 12, Bond Street, ton, 
Beaied > must _— ee before Ten a.m. on 
the 15t e 
oy oeuAry GO TALBOT, 
Town Clerk. 
Town Hall, Brighton, 
16th January, 1917. ¥ 962 


APPOINTMENTS OPEN. 


Wee 3 Mill Manager, for 


hing and finishing mill, 

: all sheet bars, and billets; one 

eeanead fn shell ner rolling’ and gas heating 
pear State isi reference, and salary 
—Address, F 934, Offices of 1 of varwerawre, 


Be oduction Expert Wanted, 
in a Government controlled establishment 
piged on the manufacture of Motor Trans 
kistes. Experience in the modern methods of 
uction and the designing of Jigs, Tools and 
—— ae 
hould “PP the nearest 
BMY OY MENT BXCHA kh gn giving particulars 
of ex nce, and salary required, mentioning 
this Journal and No. A 2646. 
No man at present on Government work need 
apply. F 966 











Required, One Day and One 
ed ight wrens SUPERI J pw ch ngy 84 ed 
a moderately large Aeroplane Factory in t 
Midlands. Applicants should possess a good all 
round knowledge of workshop practice and system, 
and — of controlling men. Men are preferred 
who have had experience in large engineerin 
works manufacturing ener od green —. = 
already em: ta on Government w 
wecfen —kpp to sine nearest EMPLOYMENT 
K ANGE. mentioning this Journal and F 989. 


anted, a Machine Shop|? 


PORBMAN or SUPERINTENDENT for 
night shift in a Government controlled establish- 
North of engaged on the 

manufacture of motor transport vehicles. 
Applicants, who must have had similar previons 
and capable of pm gry Lge male 
and female labour, should ae, to nearest 
EMPLOYMENT -EXCHANG quoting Hef. No. 
—~ A2820, giving full particulars of experience, age 


wages req 
we pereon 8 already on Government work sabe t- 


Reaired, Immediately, a 
IVE man: for Works Planing Department 
of a moderatel ge Aeroplane Factory. A pli 
cants =_— of sys 
obtain n large works. Should S 
capable deter biatng a ee fixing of piece- | en, 
work, amd bonus rates, Only really live men 
with “considerable experience 

engaged 








as a 


Ppequired by a Fir of 
KLECT ctGAL. MGHAIE "ioe vo be fait | sign 
power stations 


S se 
.| EXCHANGE, 
No, A2799. 


Cane: 26, 5, 1917. 
ay htsmen. — eter: 
D: ugh oe St 


on nt a 255 


your pe T 
mentioning this’ Journal and 


Norah 


F 933 
They Wanted.— Consulting En- 


married, and, if 
exemption.—Addreas. G 15, Uatiees ot  iiooemenien 


De a and Draughtsman 


EQUIRED for War work, accustomed to 
eae ee and reinforced concrete structures. 
~Apeiy Bare & COLLS, Lrp., 5, Coleman 
Street, F999 








cabal, by a Government 
Controlled =a of Bngineers and Optical 
instrament Makers in Leicester bi present on 
Munitions work). an EXPHRIENCED MAN for 
research in ap) physics — rg sae cows to deal 
with n connection with design and manu- 
. Neonealready on bt pela 
a without the consent 
, nearest LABOUR EXC! NOE, 
sonal and G a 


factarin; 
work cee —— 
employers.—. 
mentioning this 
AN RBAN 
DISTEIOT CO COUNCIL 


The above Gout Council invite 


A Pplications for the A int- | 


ihe iowa ENT of when at FITTER, at 
r 
sans mut be faa malig or Military service. 


Wages, Hea 

List of ution 2 eg form of application may be 
on @ fon to Mr. H. Frost, Surveyor 

—— ——— + Gosport. , “8 . 
tions, accompanied copies of two 

test monials of recent date, must» be sent to the 

undersigned not later than Twelve o'clock noon, on 

wv a the 8th proximo, endorsed “‘ Engineering | m: 


Fitter. 
By oe. 


H. 
Council — Gosport, 
8th January, 1017. 


Potters and Improvers, Elec- 
trical, WANTED for Government work in an 
Electrical and Mechanical Engineering . No 
poses resident more than 10 miles nian i or ee 
on Government work, need app! pl 
14, County Terrace Street, New Kent ftoaa, mS M 


Estimator and Rate Fixer for 


medium and small class repetition work in 
Manition Factory; automatic and assembly _— 


. MANGNALL, 
wer 7 








port as required, State full details of 


perience, age, and wout 
on Government work 

nearést EMPLOYMENT EXCHANGE, 1 
this Journal and F 873, 


Designer, with Good Mech- 
ical Engineering experience, REQUIRED 
ey oes for the duration of the 
ers need oc only — Reply (by ater 


BOX wo £9, Save of Bes Messrs. R. F. Ware & 
rg Advng. Agen’ , Fleet Street, London, 


A Ssistant Chief Drau ughtsman 


REQUIRED for Steel Works, Sheffield 


red. Noman Gants 


ly, to 
fn.» Re 





war, No 





& | district (controlled establishment), with ae 


eneral 
work of 


experience in 
ment and de 


neering, and a: 
pale and rolling mill} plant 
preferred, 


permanent position, with 
siete dhamme ot to reliable man who ean take com- 


gig #4 drawing office, &c., in the absence 
of the = ief ” Hingineee No 


person on Govern- 
ment iy. — Apply, giving re 


quntlcetlons a ae wa 
nearest OF T Eg PLOYMENT 
ArOnANGw. mentioning this Journal and F 958. 


[2ughtsmen. — Wanted, in 
G w, several First-class paavanes- [53 
MEN experienced in the 4 of heavy steel 
works plant, rolling mill — , and Paulic 
yor eae. N work 


, Stating age, experience, when 
wating Age nearest HMPLOY- 
CHANG : sasutdanings A 2795. F 959 


[)raughisman, Mechanical, 


Wanted, to take leadi ition in Dawiag 
Office in St mpg | She Sam in Mifiunds er upon 


argent W: lent prospects 

man, -_ with come experience jn jin 

mp oy automobile construction 
ernmen 








aan 


Ap 
EMPLOYMENT EX- 








Git mentiontn this Journal and F 990. 
Wess pa Capable. Chemist, 
references, accustomed to ana- 
eon in railway work. Applicant 
and salary expected.—Address, G 5, 
—— 
Inspector Required, at 
large Indastrial be ped in the 
urge supervise worki 
beth ins 


cciucation and 


with 
fall particulars of ed 
Offices 


Gu, of ExGinrerr 


Wie <= m0 


in-new work in 








ete Instrument Maker 


Sean ee en Se ned, 28 
Sains Preterence to 





st Board of 
OHANGE.  couthouteer ie nomen No.A 2773. F 982 


Ise ghtsman Required, with 


full know 
— ratte gr meen 8 res 


deta, oth 
—ap y, in ncootidence, tn in iret 


porte nega 
earest HMPLOY MEN MENT Rt EXCHANGE, ms nae 


Honing this this Journal and 


equired, = Government 


trolled Works, JIG AND TOOL 
DRAUGHTSMAN, used to op 


= see to ‘ont i 








Santina {eke 





> 6 A 
to BY 





a young | 4 


engaged on | mathemati 


neer in Victoria Street K 
SERVI of a DRAUG@HTSMAN-D 
for urgent War work. He should have experience 
in Winehes, Valves, Pipe Works, ete. Must have 
good technical trainivg and shop experience. No 
one e ed on Government werk need appl 
Box XYZ, me Witts, Ltd., 296-302, ig 
Holborn, W.C 


Two Ca Capable Disaghieiien 

(London), one. with Eps rience 

in Mecherhost Engineering and La Plant ; 

and one with Mechanical and 1 ab perience. 

resigent already en, on Government work, « or 
ent more than 10 miles a need apply. 

required, to 2 rticulars of nich. Bie and salary 

. 108, eare of Deacons, Leadenhall 

Street, B G 20 


Wanted, Draughtsman — for 


Controlled Establishment. One with 
know of —— and seed crushing plant 
pref but not essent No ouealready engage: 

on Government work need apply.—Apply, stating 
fall ticulars and selary required, to r nearest 
“yt EXCHANGB, mentioning this Journal 











Firanghieman. — Wanted, for 
Jigs, Tools and Fixtures for Automobile 
details in Government controlled establishment. 
Previous experience essential. State age and salary 


No man at present on Government work need 
a 
plications, in the first instance, should be 
je to the nearest BOARD OF TRADE EMPLOY- 
MENTS = HANGE, mentioning this Journal and 
FP %7 


Wanted, at Once, for Con- 


trolled Establishment in South Wales, an 

seers TRACER (Male), also able to make 

l drawings. No person already on Government 

work will be copeged-— —Applicants should state age, 

previous ex wired to their 

perm E PLOYMENT CHANGER, ers | 
G2 





No. A 2817. 


anted, evel: calling on 
large Engi gineering Firms, to introduce 

WIRE: BRUSH for Larmar ca Files and Machinery ; 
on commission. we Ry & letter. stating ound 
covered, to SAUN RTLETT, Melville 
Terrace, Betminster, Bristol F 994 


anted, Assistant, ex- 

enced in Es‘imating for Machine Tools, 

ete. ‘Will he required to act on Own initiative and 

follow Sag seg, Sage a orders tight through. Must be 

ineligible for State age, salary and 

previous Ave sedge © one resident more than 

ten miles away or already on Governmet 

work will be employed.—Addrese, G 18, Offices of 
RNGINEEEING, 


A® Opening Occurs in a 


Bified 9 vey Office for an ASSISTANT 

who has had techie al training anda education. 

—Address, in the first instance, G1, Offices of 
ENGINEERING, 


Large Firm of Engineers, 
Youre + whe ed he gf oo vase ‘tne 
course to include Lethe works a2 drawing Same 
Address, 4359, Offices of ExeinExcRina. 




















SITUATIONS WANTED. 
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TESTING MODEL AEROPLANES. 
Tae calm unhurried investigations carried out 
under the auspices of the American National 
Advisory Committee for Aeronautics,* having for 
their object the complete analysis of the causes that 
make for stability in aeroplanes, contrast vividly 
with the importunity exhibited by the British 
public, impatient for the production of some new 
and more powerful aircraft, that will give greater 
efficiency on the battlefield and ensure supremacy 


over any form of construction that an alert and | 


energetic enemy may devise. But even in our 
feverish haste for 


form and character of the mechanism that will best 
secure a particular object. Our procedure cannot 
afford to be tentative. In a state of hurry and 
excitement it seems too like trifling to carry on 
the experiments that mathematical research may 
indicate as useful or necessary. While the cry 
goes up “for a constant and liberal supply of the 
most up-to-date machines,’ achievement rather 
than experiment is expected from our leaders. 
A harassed aircraft minister, who has to reassure 
and appease an uninformed and clamorous public, 


fed on isolated and sensational scraps of intelligence, | 


looks for relief rather to the workshop than to the 
laboratory. 


or lessen their responsibility. The Americans have 


not to consider the war aeroplane carrying an | 


indispensable armament that demands construc- 
tional arrangements possibly incompatible with 
those that purely scientific deductions suggest as 
best adapted. Moreover, the inquiry is directed 


solely to one end, dynamic stability, and though in | 


public estimation this property is considered of 
the utmost importance, some other desirable con- 
ditions, such as swiftness of ascent, diminished drift, 
and other qualities are highly valued by our flying 


experts. Stability, inherent stability, can easily be | 


overrated. It is possible that the aeroplanes of 
the future will be only slightly stable, and that 
swiftness and certainty of control by the pilot 
will be the qualities most in demand. Pilots are 
growing distrustful of very stable aeroplanes, whose 
motion is liable to become so violent in gusts that 
the pilot’s control is seriously impaired, giving the 
aeroplane a chance to “take charge” at a critical 
moment. 

It is essential that much experimental work 


should be carried out with models, since this plan | 


permits a succession of variations to be made in 
any one feature of a design, and the effect of each 
alteration to be easily traced. Some of the data 
needed for discussion can only be derived from 
models, and though the relation of these to full- 
sized aeroplanes has been worked out carefully, 
and generally successfully, a source of error is 
undoubtedly introduced in arguing from one to the 
other. It is usual to assume that the force on a 
surface due to the wind may be written KSV’, 


where § is the area of the surface, V the velocity of | 


the wind, and K assumed a constant in cases where 


the surfaces are similar and similarly placed, but | 


experiment has shown that K is not a constant 
where great variations occur in wind velocity. 
The kinematic viscosity of the air, coupled with some 
linear dimension of the surface, are the sources to 
which we must look for this variation. Since we 
are going to quote the results that have been derived 
from models, it is necessary to bear in mind the 


sources of error, as also the advantages and the 


exactness of the method arising from the employ- 
ment of a model. The observations are long and 
laborious, but rapid in comparison with full-scale 
experiments in the open air, and are more trust- 
worthy, since they eliminate the uncertain factors 
of weather, motor troubles, and the idiosyncrasies 
of pilots. The element of personal danger is 
removed, though the intrepidity of pilots often 
scorns such small matters. An instance is quoted 


ads. Dynamical Stability of Aeroplanes,” by Jerome C. 


Hunsaker, Eng.D., Assistant Naval Constructor, U.S. 

Navy. Assisted by T. H. Huff, D. W. Douglas, H. K. 

Chow, and V. E. Clark, Captain, U.S. Army. Published 
Smithsonian Institution, 1916. 


in which a pilot, who wished to know whether a 


visible results the leisurely | 
inquiry may serve to remind us that we as yet 
know neither the nature of the qualities that are | 
most to be desired in a war aeroplane, nor the! 


Nor can it be said that the American | 
investigations will lighten the labour of our experts 


machine was spirally unstable, took it up to a good 
height and allowed it to get into a spiral dive. The 
machine made five turns on a rapidly-winding and 
contracting helix before a horizontal path could be 
recovered. The experiment was so far successful 
that spiral instability was demonstrated, and 
incidentally the power and adequacy of the controls 
were established. But it is evident that “ no infor- 
mation was obtained as to the degree of instability 
present, nor as to what particular changes would 
remedy matters. To complete the experiment it 
would be necessary to repeat the dangerous feat for 
every change which suggested itself. Naturally a 
designer will be very economical in his suggestions 
under such conditions.” 

| The air conditions in a narrow channel or wind 
| tunnel would differ from those that obtain in the 
open, but when the object of the research is to 
| show how the motion of an aeroplane is affected by 
| the mutual arrangement of its parts, this con- 
| Sideration is not important. If the machine prove 
| itself unstable in still air, it is evidently more 
insecure in gusts, though it is possible that an 
| aeroplane may be so stiff that in turbulent air it will 
be violently tossed about. For the purpose of 
/comparison with the results of similar inquiries 
| it is fortunate that the American wind tunnel and 
its accessories accurately follows the original four- 
foot installation of our National Physical Labora- 
tory. This chamber is of square section, and a 
uniform flow of air is ensured by a four-bladed fan 
similar to an aeroplane propeller. This propeller 
draws air at speeds up to 30 miles an hour, and 
the designers congratulate themselves on securing 
the steady movement of a large body of air with- 
, out producing vortices. Each experiment can be 
repeated under the same conditions of wind action, 
and the results are strictly comparable. 

The experimental model whose behaviour is 
discussed in detail, and illustrated diagrammatically, 
was constructed on the lines of a type designed by 
Captain Clark, who aimed at producing a machine 
inherently stable, while preserving generally the 
features of an ordinary Curtiss military aeroplane. 
A model of this latter has also been under examina- 
tion, and a comparison of the results, so far as 
they are given, with those derived from the Clark 
model are very instructive. The first set of 
experiments was directed to testing the static 
stability, a necessary property if dynamic stability 
is to be secured, and, moreover, the experiments 
demonstrated a convenient arrangement of the 
movable parts in the subsequent trials, in which 
provision had to be made for reasonable righting 
moments to oppose diving and stalling. 

The model was mounted on the balance in the | 
wind tunnel in such a way that the angle of the 
wind to the wing chord could be varied from 
+ 20 deg. to — 8 deg. The lift, drift and pitching 
moments were determined at every 2 deg. in each 
of three positions of the tail. In the first set the 
tail surface made an angle with the wing chord of 
— 2.75 deg., and in the second — 7 deg. An inter- 
mediate set with the angle at — 5 deg. gave more 
satisfactory results. The maximum lift and drift in | 
all three cases were the same, but did not correspond | 
to the same angle of attack, showing clearly that 
changing the angle of tail surface had but a slight 
effect on the motion and speed of the aeroplane. 
The statical stability against longitudinal pitching, 
however, varied very greatly. With the tail inclined 
at the smallest angle, only small pitching moments 
were noticeable at ordinary angles of incidence, 
such as could be easily overcome by the pilot 
impressing a small diving moment to overcome the 
| observed stalling moment. When, however, the 
|aeroplane was tilted 12 deg. the pitching moment 
| increased, tending to make the machine unstable 
| without the intervention of the horizontal rudder. 
| In the second position of the tail, inclined — 7 deg., 

the machine is very stable; in fact, too stable, 
or too stiff longitudinally. The elevator motion 
available for control in gusty air is largely used up 
in maintaining balance. In the third case, with 
the stabiliser held at 5 deg., the longitudinal balance 
is maintained over a wide range of angle and the 
natural diving moment is corrected by a moderate 











negative lift on the elevator. In the subsequent 


investigations this arrangement of the tail was 
maintained. 

The examination of the longitudinal dynamic 
stability presents greater difficulties, both in the 
mechanical devices employed in sifting out the 
necessary data, and in the subsequent mathe- 
matical discussion. The application of the theory 
of small oscillations of rigid dynamics is iaborious, 
and the determination of the coefficients for use in 
the equations of motion can only be approximate. 
Certain terms of small amount have to be neglected 
in order to keep the equations manageable. The 
mechanical arrangements for measuring the aero- 
dynamic forces and moments are certainly ingenious, 
but it is difficult to estimate the percentage of error. 
Having secured the necessary numerical values 
for the equations, the results are pursued very 
thoroughly, both numerically and by graphs. The 
conditions for stability can be inferred from the 
sign of the roots of a biquadratic equation, a method 
that dispenses with the labour of a rigorous solution, 
but it is necessary to pursue the inquiry further if, 
as in this case, the degree of stability in varying 
speeds is needed, or comparison is made between 
aeroplanes of different design. 

The result is to show that when the longitudinal 
motion is disturbed by wind gusts the aeroplane 
exhibits an undulatory as well as a pitching motion. 
The period and character of the undulation are 
more important, or call for greater watchfulness 
on the part of the pilot, in low than in high velocities. 
With speeds of approximately 77, 53 and 45 m.p.h. 
the periods of undulation in seconds are 34.7, 17.6 
and 15.8 seconds, respectively, and these are 
damped 50 per cent. in 8.1, 11.0 and 13.1 seconds 
respectively. The damping is seen to be less 
effective as the flight speed diminishes, and when 
this is reduced to 37 m.p.h., it is not surprising to 


| find that the flight becomes unstable. The 


of oscillation in this last case is 10.5 seconds, but 
instead of being halved, as in the previous examples, 
it is doubled in 24.7 seconds. This proof of tendency 
to instability with diminished speed is one of the 
salient features of the inquiry, and will not be 
overlooked by designers. It is unfortunate that 
comparisons cannot be instituted between a larger 
number of machines of greater variety of design. 
but the necessary data increase slowly. The 
Curtiss machine mentioned above had a natural 
period of 34 seconds, damped 50 per cent. in 
11 seconds, and a Blériot monoplane tested at the 
National Physical Laboratory by Bairstow had a 
pitching period of 25 seconds, damped 50 per cent. 
in 15 seconds. These instances exhaust the pub- 
lished data. Obviously, during the war, whatever 
information has been collected by belligerents will 
be withheld. This scarcity emphasises the im- 


portance of Dr. Hunsaker’s paper. 


The investigation of lateral motion follows the 
same lines as those used in longitudinal. The object 
is to determine the behaviour of the apparatus 
under conditions that cause yawing, rolling and side 
slip. When an aeroplane yaws to the right or left 
of its course, rolling moments will tend to roll and 
yaw the machine about the 2 and z axes, and to 
give rise to a lateral force at right angles to the 
longitudinal axis. These forces and moments and 
all the data for solving the problem can be measured 
by suitable means on the model in the wind tunnel, 
under conditions which permit of varying systema- 
tically each element of the apparatus that influences 
the course of flight. The accuracy of some of the 
measurements is not very great, but fortunately 
the quantities mainly concerned in the study of 
lateral stability are those determined with the 
greatest precision. The effects of the yawing 
moment, the rolling moment and of the lateral force 
are each discussed, and very practical conclusions 
drawn relative to mechanical construction. The 
curves showing the variation of each are particularly 
instructive. The diagrams illustrative of yawing 
show that if the aeroplane yaw to the right a 
negative yawing moment is produced which tends 
to turn the aeroplane to the left, favourable to 
“ directional” stability, a quality that may have 
been overvalued, for its effect may easily be to 
render the aeroplane unmanageable in gusty air, and, 
moreover, it is the determining factor in “ spiral 
instability.” “Indeed,” says Dr. Hunsaker, 
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“ directional stability is very nearly incompatible 
with inherent dynamical stability in roll, yaw and 
side slip considered together.” The rolling moment 
curves assist to explain the usual rules for banking. 
In this case the banking moments are positive 
for a positive yaw, and tend to bank the aeroplane 
suitably for the turn and to prevent capsizing. The 
lateral force urges an aeroplane that in still air 
yaws to the right to be pushed to the right, and 
the natural banking is again suitable for the turn. 
From a practical point of view the discussion of 
the curves indicates the importance of maintaining 
an effective aileron control to contend against the 
natural banking tendency, especially when landing. 
The quantitative determination of stability requires 
a knowledge of the rates of change or of the partial 
derivatives of the moments and forces already 
mentioned. These are determined and made 
applicable to the full-sized aeroplane. It is sufficient 
to say that the rates of change with velocity of side 
slip show no great change with speed, but that the 
unfavourable effect of a change of the rolling 
moment on “spiral” stability increases as the 
speed diminishes. The yawing moment due to 
rolling increases from zero (with horizontal flight) 
as the angle of incidence increases, and the sign 
indicates that for a roll to the right a yaw to the 
right is assisted. 

After considering the causes that promote the 
damping of roll and yaw and a possible but unlikely 
connection between longitudinal and lateral motion, 
the author proceeds to form and solve the biquadratic 
equation characteristic of lateral motion. By the 





test of the signs of the roots, already mentioned, 
it appears that in the particular case of the Clark | 
aeroplane the motion is stable at high and moderate 
speeds. At low speeds, however, the motion is | 
liable to become unstable, and a similar result was | 
found in the inquiry into longitudinal stability. By | 
the process of factorisation of the biquadratic it is | 
shown that one oscillation, instead of diminishing | 
with time, actually doubles itself in 7.2 seconds. | 
This particular instability can be traced to a) 
“spiral dive,” due to overbanking, with a side slip 


WOOLWORTH BUILDING, NEW YORK. 
By Frank W. Sxrnner, New York. 
(Continued from page 50.) 

Tower Bracing.—The 84 by 86 ft. 55-storey tower, 
about 800 ft. high above the curb, of which two 
vertical sections at right angles to each other are 
given in Figs. 24 and 25, on Plate X, is designed 
to have independent stability against wind pressure, 
without considering the resistance of the remainder 
of the building. The inclined members of the 
pyramidal roof resist and distribute the wind 
pressure down to the 50th floor, where it is trans- 
ferred through floor-beams and gusset-plate con- 
nections to the four interior columns that carry it 
to the 47th floor, where it is again horizontally trans- 
ferred through the floor construction to the outer 
columns which, with the wall girders and knee- 
braces, take all wind stresses down to the 28th 
floor. Below this there are, on the Broadway front, 
full deck solid-web single and double plate-girder 
portals, as shown in Figs. 26 to 32, and on the 
opposite face of the tower triangular struts, forming 


trusses of the full depth of the storey, as shown | 


in Fig. 33, Plate X. The maximum direct wind 
stress compression in a single column of the tower 
is 2,500,000 lb., plus 200,000 Ib. flange stress from 
the portal bracing. 

Portal Bracing.—The maximum computed hori- 
zontal wind stress that is resisted by a single system 
of bracing in the same plane in the same tower is 
assumed to act on the four Broadway front columns 
at the first floor level. These columns to the fourth 
floor level are braced with double plate-girder 
portals with double 6 by 4-in. flange angles. The 
vertical portions of the portal webs are from | to 3 ft. 
wide, continuously field-riveted to the projecting 
plates of the columns. Horizontal portions of the 
portal web are from 5 to 6 ft. deep, and are spliced 
with double cover plates to the vertical portions of 
the webs, both of which are stiffened by flange angles 
continuous around the curved corners, and by 
horizontal, vertical and diagonal pairs of web- 
stiffener angles like those of plate girders. 


floors are pairs of 15-in. 33-lb. channels back to 
back 


Kneebraces and Wall Girders.—In the Broadway 
face of the tower the wall girders from the 28th to 
the 40th storey inclusive are 3 ft. 9 in. deep, and 
in the centre panels have deep gusset plates con- 
necting beyond the top and bottom flanges of the 
girders to form double kneebraces shop-riveted to the 
columns, field-riveted through double splice plates 
to the girder webs. The bottom flanges of the 
girders are field-riveted to the gusset plates through 
the webs of the latter and through their horizontal 
shelf angles. This provides convenient support for 
assembling the girders during erection and makes 
all the field rivets accessible for easy driving. In 
the side panels the ends of the wall girders are field- 
riveted to hitch angles shop-riveted to columns, 
and instead of gusset plates they are kneebraced to 
the columns by pairs of channels field-riveted back 
to back to special end sections of the girder webs, 
which project beyond the top and bottom flanges 
near the middles of the girders. The opposite ends 
of the braces have shop-riveted connection plates 
field-riveted to the columns. The sections Figs. 34 
| to 36, and the detail views Figs. 37 to 43, on pages 
71 and 72, will explain the system of: bracing just 
described. 

At the second floor the wind stresses are trans- 
ferred horizontally 7 ft. from the upper to the 
lower set of wall columns through a system of 
very heavy wall girders, 4 ft. deep, with special 
end sections projecting 4 ft. beyond the lower 
flanges to form gusset plates riveted to the columns. 
From the 43rd to the 46th storey wall girders 
(see Fig. 38) have a uniform depth of 3 ft. 9 in., 
and are field-riveted to gusset plates, which project 
beyond both top and bottom flanges and form end 
sections of the girder web field-riveted to the main 
web double cover plates. In the 48th, 49th and 
50th floors the gusset plates project beyond the 
bottom flanges only of the wall girders, as shown in 








Figs. 37, 42 and 43, on pages 71 and 72. 
Floors 50 to 55 of the tower are contained in the 


The | pyramidal roof, the construction of which is shown 


inwards. ‘The aeroplane starts off on a spiral | outstanding flanges of these angles are in many | by the vertical sections and elevations, Figs. 44 to 46, 


dive and will spin with greater and greater angular | 


places reinforced by cover plates. The centre 


and the plans, Figs. 47 to 51, on page 73. These 


velocity.” This motion is known as “spiral panel portals are connected with the side panel | Views, with the accompanying details, are self- 


instability.” 


importance of the operating causes, and in conse- 
quence the form mechanical correction should take 
remains uncertain. An upward dihedral angle of | 
the wings or an increase of the vertical fin surface | 
above the centre of gravity would act advantage- | 
ously on the rolling moment. Stability can also be | 
improved in other ways that would damp the spin 


portals to form diaphragms between lower and 
upper sections of the columns, to which they are 
field-riveted. Each half of the double portals 
was shipped in four or five sections, field-riveted 
together with double cover plates. Above the 
ninth storey the portals are single, with 8 by 8-in. 


, : _ | portals in the same storey by long and wide hori- explanatory. 
It does not seem possible to decide the relative | zontal plates extending across both flanges of both | 


Steel Erection.—Structural steel was delivered 
|to the water front about 20 miles from the site of 
| the building, where it was sorted, stored and loaded 
on lighters as requisitioned by the superintendent 
|of the building two or three days in advance of 
|delivery. The lighters transferred to steel trucks, 
| by which it was hauled about a half a mile to the 


| flange angles of a maximum thickness of }3, and | site and delivered in the street or on the working 


in yaw, butithere is always the danger that in reduc- | ]8-in. top chord reinforced plates in the corner | platform at street level, where it was handled by the 


ing one evil another is introduced or exaggerated. | 


Another of the factors of the biquadratic indicates 


a type of motion described here as the ‘“‘ Dutch| pendicular to the Broadway front (see Figs. 25 | 


panels to 15 stofies. 
In the four east and west lines of bracing, per- 


roll,” from analogy to a “ Dutch roll on skates.” |and 27, Plate X), each portal is three panels 


It is due to an oscillation in yaw and roll simul- | wide, 


reaching across the full width of the 


taneously. In the model examined it is heavily | tower and having vertical webs attached to the 


damped and can never be a cause of dangerous | 
instability, but is a common inconvenience in aero- | 


planes. The mechanical correction points to the 
adoption of measures precisely the reverse of those 
that would diminish spiral instability. The exist- 
ence of one or other forms is very possible, but it is 
hardly likely that both forms would exist on the 
same machine. The examination of the Curtiss 
model confirms this conclusion. At high speed that 
machine is spirally unstable, but stable in the 
“ Dutch roll,” while at low speed the “‘ Dutch roll” 
was unstable and the spira: motion was stable. 
From a priori reasoning, the Blériot aeroplane was 
expected to prove stable in the ‘‘ Dutch roll,” and 
this anticipation was confirmed, the period of 
6.5 seconds being damped to half amplitude in 
1.65 seconds. Such a result is eminently satis- 
factory, but it must be borne in mind that the results 
deduced in similar discussions from experimental 
models are only strictly applicable to the model 
on which the measurements have been made. The 
conclusions grow in value and interest as a greater 
number of comparisons becomes possible, and on 
this ground the aeroplane industry has reason to be 
grateful to Dr. Hunsaker and his collaborators for 
the exact detail and information they have supplied. 


outside columns only. Up to the fifth floor the 
portals are double, with 8 by 8-in. flange angles, 
and above the fifth floor they are single, with 9 by 
6-in. flange angles. In one panel the first floor 
portal is omitted, as shown in Fig. 27, to provide 
for a two-storey room, and the fourth-storey portal 
here is made with a wall girder 5 ft. deep: and 
extra wide side plates. 

Diagonal Bracing.—Architectural considerations 
permitted the use of diagonal braces extending the 
full height of the stories in the west face of the tower 
below the fourth floor, and these, being cheaper 
than portal construction, were adopted there. This 
construction is shown in Fig. 33, Plate X. These 
braces, which run from the ends of one floor beam 
to the middle of the floor beam above, are made of 
two pairs of angles back to back, connected by tie- 
plates, and shop-riveted at the lower ends to special 
end sections of the wall girder plates, which project 
above their top flanges and serve both as connection 
plates for the braces and as kneebraces for the 
girders. The upper ends are field-riveted to short 
special sections of the floor beam webs, which 
project below the lower flanges. The horizontal 
struts have 38-in. plate girders in the first and base- 





ment floors, and in the second, third and fourth 


| erection derricks. Shipments were usually made in 
| 300-ton lots up to the first floor and in 500-ton lots 
above it, and were received about twice a week. 

Preparations for erection were commenced while 
the bottom of the general excavation pit was about 
19 ft. above the level of the finished cellar floor and 
only half of the foundation piers had been com- 
pleted, with their tops 40 ft. below curb and 3 ft. 
below ground-water level, accessible through tem- 
porary cofferdams 25 to 35 ft. deep. On framed 
falsework bents installed in the pits there were 
placed at street level two stiff-leg derricks weighing 
35 tons each. They had 35-ft. masts and 50-ft. 
booms rigged with 12 parts of hoisting tackles of a 
capacity of 50 tons. These derricks unloaded the 
trucks in the street and lowered the foundation 
girders to permanent position. Grillage beams and 
light girders that were beyond the radius of the 
derrick booms were handled by gin poles con- 
veniently shifted from point to point. 

The girder and column loads were distributed 
over the full area of the concrete by the grillages, 
which we have already described and illustrated, 
consisting of two to four tiers of degp crossed 
I-beams enclosed in a solid mass of 1 : 2 : 4 concrete 
made with }-in. broken stone. The tops of the piers 
having been roughly finished from 2 to 4 in. below 
the required elevation of the bottom flanges of the 
lower tier of grillage beams, provision was made for 
setting the latter at an exact level on pairs of easily 
adjusted liners. The liners were horizontal, 2 by 
2 by }-in. angles transverse to the grillage beams 





















ENGINEERING, January 26, 1917. 








Pig. 2. 
BROADWAY 
ELEVATION. 
55 FU. 
a 
“= — 
SG™MFU.9 
ot 
SULEL e _ 
SO*FU. ye 

















402F 





| 
















































- --20:0°-- 


— et 





























“=== 95.'0"=------- 
Seen mee NR Nec eae NS 



















































~-n-= $50" ------- 







DSput 
Sarvs. Sx FB x % 


ERD 1m | 28:9 \6-20:7 291 10° r4-26'4" > 








i 
~------ 19!7--------- 


THE WOOLWORTH BUILDING, NEY 3 


(For D Jescripticg 





q 


+ 


vO 


see | 





ee 





? 


a See Seen oe a 


F.. 





| 
} 





+++ 












WwW 
escri pti 


~ 


a 


—" 


aaa 7 


‘ORK; 











see Page 70.) 


DETAILS OF 





Bhai Spc. 3°25 ” 
| : 
j ji J 


" 
j 





215 B4«3« Hp" Ly 
WOOO OO O56 ey 





WIND 





BRACING. 




















/ 




















© 
> (-) 
S ; od 

g th ad e 

TE Raita 

% |e 2Fts. 685% |$ 
‘de e@eco6 beede 

+el0oS 000 om Oo 
* ~ 

e - te 10 | 

= | ° 

‘SS \@ -Of- --» 
. jn io. 

3 “J ° i 
R : ‘x Yer “a 
bi) ee & 
ee S13 
a ‘ 17 4 
2° @ = % 
% ~ 5 
a Sl & 
& -n- [ER 
oe oe 215 Gngu % = 

" [ss 





(4952) 


et LY 





—--7S' 6 





_——o 26: 94, —-——-— . 


Web Splices Ve 
Sufferers 5* 3o«% 









a 
iy 


20 Radius | 





ee ee 
Web Splices % 
SA eners 843% Ya" 


-8a3=2'0'» 


col 


56 ——----- 


11 Spe. @ 6 = 


a 


816 


2FULPUS 6 















































Fig. 30. 
fejofoooo 20° loooc op o ) 
lelolbo ’s i 
e\o Oss o} t= w FUL ied-Pradese 
20 oO 24! ° o} 
| Te | 
gq H . " 
| Ns Ns ee i 
tes i is | ks 
ae Se ifs 
ia 6 its 
ne OL 
1 Web PU. 935 «3 rs “ 
SY ; © lo o 
° O . . . 
ee LEU PLU 24 XK jo 2LS 86% 5 
= 2065: 345% Ay 
*./ ooo 0 004 6 
§| oo 
| 
“ y 
a S 6% 7; . 
LFS 12t6 % ': ¢ 
44> 4HIHHHH me 
et tt 2° 
elo ojo 0 Og gS 
slog , 
ele 1Web PL. 95j+4 (oh, 
elo Se ey 
#10 Ob 2FULPUS6 <5 % 
0° %® 
se Ls 
20 ee 
12.03" 3'0°----+ 
. ee... : 
. > nh 
Fs" 33. Lb 
4s 
wy 
ay 











Portat Braces Symmetrical about thisline 





7, 
1 Top of Cast? ~~ 

PORTAL BRACES 

WEST ELEVATION 





sub Balem”: | | 
' 
















































































CL. of @lumn 34 l l 


= 


| 
| 


























“Web |!) Web 


























st 
aie a 




















aCe 
Lacng Bars 23: % 
All Gusset Plates 54° 











.PLATE X, 























71 





Jan. 26, 1917.] 





ENGINEERING. 








THE WOOLWORTH BUILDING, NEW YORK; DETAILS OF WIND BRACING. 


“a Fig. 34. 
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and placed one at each end with the backs up and 
the flanges at an angle of 45 deg. to the horizontal. 
They were very carefully levelled to exact position 
in the same plane, the space under and between 
them was filled with 1:2:4 Portland cement 
concrete, the grillage beams were seated on them, 
and the remaind=r of the space was filled with one 
grout. Wooden forms were built up to the top 
of the grillage enclosing the different tiers of beams, 
and were filled with soft fine concrete, well rammed 
between the beam webs. 

Setting Foundation Girders.—As the deep and 
heavy foundation girders were supported at opposite 








| last issue. 
successive tiers as the girders were lowered, and in 
|order to resist the heavy lateral pressure were | 
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thus leaving only short vertical sections of the 
| sheeting unbraced. 

| As already described, most of the girders had triple 
'webs and were shop-riveted together, forming 
single units weighing 25 to 30 tons each, which were 
lowered to position as received from the birdge shops. 
The girder connecting piers 414 and 418 has 
triple webs, reinforced to a total thickness of 4 in., 
and connected by six sets of transverse diaph 

It carries a column load of nearly 9,500,000 Ib. and 
is 8 ft. deep and 23 ft. long and weighed 65 tons 
general excavation was carried down to the pier | as shipped complete from the bridge shops. There 
tops, it was necessary to connect the pier cofferdams | are seven other tower girders of similar dimensions, 
by narrow trenches sheeted down 20 to 30 ft. to | all of which were found to be too large to clear the 
the grillage level. Those trenches and the coffer-| necessary bracing required to insure the safety of 
dams were braced, and were put in communication | the cofferdams enclosing the pier pits and trenches. 
by the cutting away of portions of the pier coffer- | Therefore in order to avoid enlarging the excavation 
dams. A view looking down into one of these | the webs of seven of these were cut apart on the 
trenches was given in Fig. 8, on page 56, of our | lighters, and were delivered to the building and 
The transverse braces were removed in| lowered into position separately and afterwards 
field-riveted together in the bottom of the excava- 
tion. The first of these eight girders was, however, 





21°76" Ito 12 
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ends on separate piers and were set before the 








‘replaced above the girders as the latter descended, | cut apart at the building site instead of the lighters, 
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Fig.4.TYPICAL BRACING FOR END BAYS 
AT 42° FLOOR 
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s ~ obstructing the street traffic by the trueks, and the 
Nc 3 29%Floor SEAAAAAD pieces were temporarily stored in piles on the 
OF oe on ooo ate mete ate wl? highest tier of erected floor beams. 
. o lo de Erection Adjustments.—Accurate levels taken 
: ° Polo * lo on all of the column bases showed that in some 
° oo” * slo cases, due to the multiplication of joints between the 
° ° ojo * do different tiers of the grillages, they were as much 
* on * ojo jo as } in. above the required position, or 3 in. above 
¢ ooo ,5,0,5,5 eee the expected level, which had anticipated an excess 
s AAI \of % in. This maximum of ? in was considered 
+ negligible. In order to keep the columns exactly 
° vertical they were daily checked by a transit, and 
about 75 per cent. of them were plumbed with 
4925.) a steel wire rope diagonal having long turnbuckle 
|adjustments. These adjustments were carried up 
|to within two stories of the derricks, and were 
>. 


and it required for transportation through the city | 


a 100-ton capacity truck drawn by 42 horses. 
Erection of Steel Superstructure.—The stiff-leg 
derrick that handled the substructure girders 
installed one wooden stiff-leg derrick and four steel 
guy derricks, which together commanded the entire 
area of the lot and the adjacent streets, unloaded 
the steel from trucks and erected it. The sub- 
structure derricks were removed and wall girders 
and beams were rapidly erected with a force of 30 
to 40 men, besides riveters, who, working single 
eight-hour shifts, in six months erected 19,000 tons 
of steel, completing the framework up to the 30th 
storey or main roof level. The framework from 
the 30th to the 47th storey was erected in a little 


less than two months. Field-riveting at the rate 
of 7,000 rivets a day was advanced about two stories 
behind the erectors, and required about 80 men 
operating pneumatic hammers driven from a 
compressor plant in the basement. The riveters were 
closely followed by the painters and the flooring 
builders. The best erection record made was that 
of 1,553 tons of steel placed in six consecutive eight- 
hourdays. The heaviest piece of the superstructure 
was a column 30 ft. long that weighs 45 tons. This 
was slung directly to place and seated in position 
with one movement of the derrick. Wherever 
practicable the steel work was erected as hoisted, 
but where this was not feasible it was necessary 
to hoist it immediately, so as to avoid unnecessarily 





kept in service until after the field connections had 


been riveted to a higher level. The lightest columns 
weigh 11 tons each, and there are some in the 28th 
storey that weigh 12 tons. { 


| Field Riveting—About 10 car loads, approxi- 
| mately 200 tons, of rivets were required for the ficld 
|connections, and were driven with pneumatic 
| hammers operated by air at from 80 to 100 Ib. 
pressure and handled by 22 four-man gangs of 
riveters, who each averaged 300 l-in., j-in. and 
in. rivets in one eight-hour day. Generally the 
_riveters were able to use as working platforms the 
‘centring provided for the construction of the tile 
| floor arches, thus saving the expense of constructing 
| special scaffolds. The riveters were preeeded by 
three men with pneumatic reamers, fitting up the 
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Fig. 49 
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connection to be riveted. Compressed air for the rove with j-in. plough steel cable. A 12-ton wooden | was then made fast to the mast a little above the 
pneumatic hammers was supplied by two com- derrick had a 93-ft. mast and an 81-ft. boom of | centre of gravity of the latter, and the guy lines of the 
pressors driven by a 25-h.p. electric motor, located | 12-ton capacity. All the derricks were operated by mast were disconnected and their adjusting tackle 
in the basement. The compressors were connected | a double drum 80-h.p. electric hoisting engine, which | paid out as the mast was hoisted 25 or 30 ft. by 
to a 150 cub. ft. receiver that delivered through two also commanded the horizontal revolution of the | operating the hoisting tackle suspended from the 
3-in. vertical pipes, carried up as the erection booms by swing ropes operated by their spools. | top of the boom. The mast, with its permanent foot 
progressed and provided at every storey with a Shifting Derricks——The derricks commanded | block attached, was then lowered to a bearing on a 
manifold, having connections for twelve 50-ft. and erected two tiers of beams at each position, and _ipair of 12 by 16in. sills, 36 ft. long, to receive it on the 
lengths of }-in. wire-bound hose, with 25-ft. exten- in order to facilitate their movement from storey | floor above and the mast was held in position by 
sions of }-in. rubber hose attached to the hammers. | to storey as erection advanced, one floor beam in| thé boom acting as a gin pole until its guys were 

Steel Derricks.—The steel erection derricks |each storey was omitted in the panel next to the | shifted two stories higher, made fast and adjusted 
weighed about 15 tons each, and had a 76}-ft. mast | derrick to give room for hoisting the latter. — by their tackle. The topping lift tackle of the 
guyed by eight 1}-in. steel ropes 300 ft. long, with | derrick mast and boom were separated and respect- | mast was then made fast to the boom at its centre 
turnbuckle adjustments connected to the foundation | ively hoisted each other without rigging the tackles of gravity, the guys on the boom were released, and 
y piers and to the columns. The 66-ft. booms of | attached to them. The boom was unshipped from the mast, acting as a gin pole, hoisted its boom 
30-ton capacity were rigged with an eight-part the mast, set in vertical position on a temporary and seated it on the step fastened to the base of the 
topping lift and_an eight-part hoisting tackle, both foot block, and securely guyed. Its hoisting tackle mast, after which the topping lift tackle was attached 
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by the regular connections at the end of the boom, | 


and the derrick was ready for service again after 
an interruption of only about six hours. 

The structural steelwork was fabricated at the 
Ambridge shops by the American Bridge Company, 
C. W. Bryan, chief engineer. It was erected by the 
Thompson-Starrett Company, George Simpson, 
chief engineer. 

(To be continued.) 





Swepisu Non-Pxospuoric [ron OrE.—Some concern 
has been expressed in Sweden on account of the con- 
tinued export of iron ore, of which Germany is a keen 
buyer. The Swedish Government, it has been stated, 
is giving the matter every attention, but it is practically 
impossible at present to make any alterations in com- 
mercial treaties now in force with foreign countries, 
and an embargo or an export duty on iron ore, under 
existing circumstances, is out of the question. One of 
the leading engineers of the ‘“ Jarnkontoret’’ also 
considers the terms of Sweden’s commercial treaty with 
Germany to contain insurmountable obstacles to any 
momentary change in Sweden’s iron-ore policy. From 
the point of view of the Swedish producers of high- 
— iron it is, however, of the greatest importance 
that the question of export of iron ores low in phosphorus 
be casefully watched, and that alterations be considered 
when the time comes for a new agreement. The real 
danger of an excessive export of these ores is not so 
much one of the Swedish deposits being exhausted, but 
that foreign iron works obtain raw material of superior 
quality, and thereby become more independent of Swedish 
quality iron. This is why the Swedish iron industry 
watches with the greatest attention further developments 
in this connection, hoping that fresh commercial agree- 
ments may contain some guarantee against its chances 
on the world’s market being unduly jeopardised. 

A Decmat System ror British Corace.—Un- 
doubtedly the decimalisation of our monetary system 
is the easiest to accomplish of all the reforms proposed by 
the various societies anxious to revolutionise our existing 
systems of weights and measures. The florin is already 
one-tenth of a sovereign, and it would only be 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scotch Steel Trade.—Steelmaking in the West of Scot- 
land goes on apace, the condition of ceaseless activity 
being a marked feature and the demands of our own 
and the Allied Governments so very insistent that the 
utmost pressure for delivery continues to exist, despite 
the united efforts of masters and men. Great things are 
expected from the new smelting furnaces, which should 
shortly be in a position to provide a much better supply 
of semi-finished material for the local rolling mills. A 
new development has now to be reckoned with, since, 
under the direction of the Ship Controller (Sir Joseph P. 
Maclay), a considerable quantity of steel will be required 
for the new steamers which are to be built on the Clyde. 
Through the influence of the Ship Controller quite a 
number of these vessels have keen allocated to the Clyde 
yards, and to supply the necessary amount of steel will 
futher tax the resources of the makers. Export 
business, owing to the stringency of the restrictions, is 
being 1educed to a minimum, France and Italy being 
practically the only countries to which any shipments 
are now being made. At the moment, export rates are 
merely nominal, while home maximum prices remain 
almost unaltered—the quotations for steel ship plates 
may be anything between 14/. 12s. 6d. and 14l. 17s. 6d. 
per ton, boiler plates about 20s. per ton in advance of 
this, and angles about 14l. 15s.— all of these subject 
to some slight alteration as occasion demands. 


Malleable Iron Tade.—Like every other branch of 
industry depending more or less intimately upon war 
work, the malleable iron trade continues to flourish 
amazingly, makers asserting with confidence that in 
every instance the plant is running to its fullest capacity. 
Licences for exportation are not required, so heavy 
is the demand for material for war purposes that there 
is practically nothing available for ordinary mercantile 
consumption after this demand has been satisfied— 
if, indeed, it be possible to satisfy it at all. While the 
home ‘rates remain unchanged, ‘“‘Crown”’ bars for 
export are quoted 141. 12s. 6d. to 14/. 158. per ton f.o.b. 
Glasgow. 


Scotch Pig-Iron Trade.—As matters stand at the 
moment there is | prepa: od nothing new to chronicle 
in connection with the pig-iron trade, so great is the 
d d for every quality, and particularly ior the 





y 
to make the jd. worth one twenty-fifth of the florin in 
place of one twenty-fourth as at present. The only 
difficulty lies in the fact that the nation must face any 
loss that may arise in the course of the reform. When 
it is a question of reforming other of our weights and 
measures the politicians and party journalists are able 
to convince themselves that any such loss will fall on 
menufacturers and traders, and will be dodged by the 
nation as a whole, Probably considerations of this kind 
will have less weight at present than in pre-war con- 
ditions, and a circular strongly advocating a reformed 
coinage has just been issued by the Manchester and 
District Decimal Association, which has its headquarters 
at 55, Market-street, Manchester. Among other advan- 
tages claimed for the reform is the simplification of 
book-keeping. Accounts would be kept in florins and 
cents. only, requiring but two columns instead of three, 
avoiding the necessity of compound addition in casting 
up the figures. The latter consideration has, in the 
case of very large firms, less importance now than 
hitherto, since mechanical accountants have come into 
vogue. Such machines are, however, beyond the reach 
of the ordinary trader, and the proposed reform should 
have an appreciable effect in diminishing the demand 
for clerical labour. 


Tae Furvure or German Surprinc.—The question 
as to how German shipping will be situated after the 
war and how it is to be dealt with is attracting much 
attention in Germany, and a recent prohibition against 
selling German shipping shares to foreign buyers has 
further emphasised the interest taken in the matter. 
Divergent views prevail as to whether Germany, with 
the residue of her merchant navy still under her control, 
and which is estimated at some two-thirds of the e 
tonnage, will enter promptly into full international 
competition. No pa oy however, seems to exist as to 
the necessity of dealing extremel;y economically with the 
remaining tonnage. The shipping circles themselves 
are stat to be realising this necessity. Strangely 
enough, the first impetus towards legal restrictions seems 
to have emanated from Hamburg, which shipping centre 
hitherto has been very independent and confident ; the 
motives for this move do not yet appear quite clear. 
Some of the strongest anti-subvention concerns in the 
past now hint at, or clamour for, Imperial subsidies to 
support German owners in the competition against 
foreign rivals, in a similar way to that followed in other 
countries. Large sums have been mentioned in this 
connection, so far, however, without meeting with any 
Imperial response. The freedom of German shipping, 
on the other hand, has been curtailed, or some might 
call it “‘ protected,” through several legislative restric- 
tions. These refer to certain limitations in the matter 
of chartering where foreigners are concerned, to an 
indirect prohibition upon the shipyards toaccept contracts 
from abroad, to the sale of German tonnage to foreigners, 
and, lastly, to the sale of German shipping shares to 
foreigners. The existing chartering limitations are, in 
some quarters, considered inefficient ; there are appre- 
hensions lest tonnage will be very difficult to for 
carrying the large quantities of various commodities 
needed after the war, and it has been suggested that 
the Imperial Commissioner should be empowered to 
interfere, during the transition period, in the matter of 
chartering. 





hematite required by the steel works, that the furnaces 
are kept going constantly. Order books are full, and 
makers find considerable difficulty in coping with the 
wants of their numerous customers, forge and foundry 
grades being also much in request. It seems more and 
more evident that all the supplies available must be ear- 
marked for war purposes, to the total exclusion of all 
other branches of business, even export being meantime 
“*a dead letter.”” Rates remain much on the same level 
as during the past few weeks. 


Tube Workers and War Bonus.—In connection with 
the negotiations which have recently been in progress 
between the employers and the workers engaged in the 
tube-making industry in the West of Scotland, the 
appointment, by the Board of Trade, of Sir Thomas Munro 
to act as arbiter, was received with much satisfaction, 
and in pursuance of this appointment he presided at 
a conference held in Glasgow on January 12. The 
agreement regarding the war bonus to be conceded to 
the workers was drawn up between Mr. Owen Coyle, 
representing the Iron and Steel Workers’ Society ; 
Mr. Robt. Climie, representing the Workers’ Union ; 
and representatives of the firms of Messrs. Stewarts and 
Lloyds and the Scottish Tube Company ; and Sir Thomas 
Munro has just confirmed this agreement. By the 
reece of the agreement, it has been arranged that a 

onus of ls. 6d. pe week be granted to lads under 
18 years of age and to all men over that age a bonus of 
3s. per week, these ba ge wragy to take effect as from 
January 20. In order to avoid complications with 
arrears it has been decided that for the first six weeks 
after the agreement came into force a double bonus should 
be paid. It is satisfactory to note that the women 
workers will also benefit very materially. 





Business with Rvussta.—Owing to the special 
importance, at the present time, of establishing com- 
mercial connections, on a firm basis, between the allied 
countries, with the object of ousting German inter- 
vention and competition, the Russo-British Chamber of 
Commerce at Petr requests all British firms wishing 
to trade with Russia now or after the war to send their 
catalogues and price lists (not less than 10 copies) to the 
Chamber. The catalogues in question will be placed in 
the special library of the Chamber, and will be distributed 
to Russian merchants interested in the development of 
their trade connections with England. They are to be 
addressed to the Russo-British Chamber of Commerce, 
4, Gorochovaia, Petrograd, Russia. 





Tue Rise in Prices or Burupinc Marerrar.—A 
Danish authority states that bricks are 65 per cent. 
dearer, cement and timber 100 per cent., iron for ferro- 
concrete 300 to 400 per cent., &c. The stocks of steel 

irders have vanished entirely, and the same applies to 

onier iron bars. As a result it has been im ible 
to complete several half-finished buildings. This is all 
the more awkward on account of the large number of 
foreigners who, for diverse reasons, have taken up their 
abode in a number of neutral cities, the result being a 
perfect house famine. This applies, for instance, to the 
three Scandinavian capitals, where there literally are 
no houses or a ments available, and where the 
authorities have to provide shelter for houseless 
families. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The chief difficulty is 
one of supplies. In all branches there are very heavy 
demands, but the tonnage arriving does not permit of 
much business outside contracts. Manufacturing fuels, 
in particular, are strongly held, for munition works, 
blast-furnaces, and railways are large consumers. Their 
endeavours to build up stocks depleted during colliery holi- 
day stoppages are not meeting with much success. Steam 
hards are the most sovght after, both by home traders 
and shippers, and supplies barely meet requirements. 
Cobbles appear a little easier, but steam nuts are again 
upon a limited scale, and there is a shortage in certain 
quarters. Gas companies are anxious for the maximum 
tonnage, which leaves little surplus for shipment. Severe 
wintry weather has increased the volume of business in 
the house coal departments. Quotations :—Best branch 
hand-picked, 20s. 6d. to 21s. 6d.; Barnsley best Silk- 
stone, 18s. 6d. to 19s. 6d.; Derbyshire best brights, 
18s. 6d. to 19s. 6d.; Derbyshire house, 17s. to 18s. ; 
best large nuts, 16s. 6d. to 17s. 6d.; small nuts, 15s. 6d. 
to 16s. 6d. ; Yorkshire hards, 16s. 6d. to 17s. 6d. ; Derby- 
shire hards, 16s. to 17s. ; best slacks, 12s. to 13s. ; seconds, 
10s. 6d. to 11s. 6d. ; smalls, 7s. 6d. to 8s. 6d. per ton. 


Iron and Steel.—There is no prospect of a diminution 
of the demands for all classes of Sheffield goods, but, on 
the contrary, there are many indications that in the near 
future the production will have to be again progressively 
— The greatest increase of business which is 
noted during the period of 1917 up to date is in connection 
with shipbuilding material and equipment. Sheffield 
firms, particularly Messrs. John Brown and Co., Messrs. 
Vickers, and Messrs. Cammell, Laird and Co., have sub- 
stantial orders in hand, due to the speeding-up in 
delivery of merchant tonnage. This prosperity is expected 
to continue long after the war, for the need for merchant 
ships will, in all likelihood, be as great then as now, 
though the demand may not be so urgent. Sheffield 
firms, of course, expect a full share of any such develop- 
ment, a reasonable assumption in view of the manner 
in which several of them are linked up with shipbuilding 
enterprises at Clydebank, Birkenhead, Barrow, and else- 
where. All steel firms continue upon full production. 
The difficulty is not in finding the market for output, 
but in meeting Government and other requirements. 
This condition is reflected in the greater activity now 
apparent in the metal market. All brands share in the 
increased business, and were it not for the Government 
regulation price list, it is conceivable that the phenomenal 
rises of the earlier days of the war would be repeated. 
As it is, the changes are small and of little significance. 
West Coast hematites remain at 127s. 6d., and East 
Coast, 122s. 6d., with delivery at works. Other prices 
are :—Lincolnshire foundry, 97s.; Derbyshire forge, 
92s. 6d ; and foundry, 94s. to 94s. 6d. South Yorkshire 
“Crown” bars change hands at 13/. 15s., and hoops, 171. 
2s. 6d. to 181. 2s. 6d. Light foundries have not an 
abundance of orders, though there is no present slack- 
ness. One of the busiest branches is that of the agri- 
cultural engineer. Orders abound, but there seems very 
small chance of them all being executed in time for the 
spring season. Municipalities, as well as individuals and 
joint bodies, are among the customers, and it will go ill 
with any who have delayed handing out their contracts. 
Works are handicapped by shortage of men and inability 
to secure full supplies of steel. The Admiralty are inviting 
Sheffield tenders for 12,000 table knives, and smaller 
quantities of other cutlery. For the Army, the require- 
ments are 10,000 flaying knives, 10,000 cooks’ forks, 
20,000 nickel silver forks, 30,000 nickel silver spoons, 
12,000 plated spoons, 6,000 digging forks, 5,000 hammers, 
and substantial quantities of joiners’ and edge tools. 
Government contracts have just recently been placed for 
tools, wire, barrow wheels, clasp knives, razors, and 
surgical instruments. The restrictions of the Ministry of 
Munitions with regard to the supply of steel to the cutlery 
trade, and copper to the silver and plate makers, have 
been discussed at length in these notes, and it only 
remains to be stated that official intimation has been 
received that the Government has no desire to cripple 
such valuable industries. Nothing definite has been heard 
as to how such a result will be avoided, but there is a 
distinct feeling of hopefulness in the trades concerned. 
Overseas business is for files, saws, tools, hammers, plane 
irons, machinery parts, hardware, sheep shears, cutlery, 
plate, wire and steel. 





Tue Etectric Resistance OF SELENIUM CELLS.— . 
According to Professor H. Greinacher, of Ziirich, selenium 
cells of the original Shelford Bedwell type, which he 
studied together with Mr. C. W. Miller, behave with 

t to alternating currents as they behave when 
exposed to light, and show polarity when traversed by 
continuous currents. Communicating his observations 
to the German Physical Society (“* Verhandlungen, 1916,” 
pages 107 to 134) Greinacher stated that the resistance 
of the selenium cell rose when direct current flowed in 
the dark, that this increase in resistance was different for 
positive and for negative currents and increased with the 
time, and that selenium cells acted in a certain sense like 
current rectifiers. These statements are questioned 
(Ibid, page 184) by Dr. Robert Fiirstenau, of Berlin, who, 
in experimenting with hundreds of selenium cells with 
similar bridge arrang ts as Greinacher, had never 
noticed any of these effects. Fiirstenau suggests that 
Greinacher’s cells had been of peculiar kind. That 
selenium cells are very sensitive to moisture, and that 
the electrode material may have peculiar puzzling effects, 
is fairly well understood, and these features may explain 
some of the controversial statements made from time to 
time. 
































JAN. 26, 1917.) 


ENGINEERING. 


ete es 75 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Tron Trade.—Home consumers of 
Cleveland pig-iron have made arrangements for deliveries 
to cover their requirements, and for the time being are 
not in the market to buy, but there are heavier inquiries 
from Scotland, and demand from abroad is considerable, 
neutral countries, as well as our Allies, being anxious to 
place orders. There has been an offer in the market this 
week to pay 107s. for Middlesbrough warrant iron for 
export, but for what destination is not ascertainable. 
A moderate new export business is passing, but with 
arrears of shipments still to clear up, licences for export 
of recent sales are still only sparingly issued. For home 
consumption No. 3 and No. 4 foundry, and No. 4 forge 
all stand at 87s. 6d., and No. lis 91s. 6d.; whilst for 
despatch to our Allies No. 3 is 97s. 6d. to 988.; No. 4 
foundry, 96s. 6d.; No. 4 forge, 95s. 6d.; and No. 1, 
102s. 6d.; and for shipment to neutral countries the 
minimum prices named are 105s. for No. 3 and 110s. 
for No. 1 


Hematite Iron.—The East Coast hematite branch of 
trade presents few new features of moment. Home 
consumers experience no difficulty in satisfying all their 
legitimate needs, and are receiving regular and ample 
supplies on running contracts, whilst fair quantities are 
now available for export, and further sales to Italy are 
reported. Licences for shipment of recent sales, however, 
are still difficult to secure, because of considerable cargoes 
yet to be despatched in fulfilment of contracts made 
some little time ago. Prices are steady and firm. Nos. 1, 
2 and 3 are 122s. 6d. for home use, 137s. 6d. for shipment 
to France, and 142s. 6d. for export to Italy. 


Stocks and Shipments of Pig-Iron.—Some of the 
makers have recently accumulated a little stock of pig- 
iron at their yards, but it promises to be quickly hed 3" 
in the very near future. The stock of Cleveland pig in 
the public warrant stores still stands at 3,498 tons, 
composed of 3,462 tons of No. 3 quality and 36 tons 
of other kinds of iron deliverable as standard, no change 
having been recorded since the 16th inst. Since the 
beginning of the month the stock has been reduced by 
the withdrawal of 240 tons of No. 3. Recent persistent 
bad weather has delayed shipments, but the despatches 
are now showing improvement, and January clearances 
promise to be on a satisfactory scale. So far this month 
the loadings of pig-iron at Middlesbrough amount to 
20,904 tons, as compared with 25,205 tons to the same 
date last month, and 24,981 tons for the corresponding 
part of January last year. 


Coke.—The demand for coke for local use is large, and 
promises to be heavier. Consumers do not hesitate to 
pay the fixed maximums that have ruled for some time 
past. Thus, average blast-furnace kinds rather readily 
realise 28s. at the ovens, and 30s. 6d. at the ovens rules 
for qualities low in phosphorus. 


Foreign Ore.—Imports of foreign ore are on a fairly 
satisfactory scale. Large arrivals are expected during 
the next few days, so that the total imports for Janua 
should be quite up to expectation. To date this moore 4 
the unloadings at Middlesbrough amount to 149,579 
tons. 


Manufactured Iron and Steel.—Manufacturers of 
finished iron and steel are working at full pressure, and 
have well-filled order-books, and it is gratifying to be 
able to report that, despite the pressure for delivery of 
other descriptions, production of mercantile shipbuilding 
material is large and increasing. Prices, all round, are 
very strong. The following are among the principal 
market quotations to home customers :—Common iron 
bars, 131. 15s.; best bars, 14/. 2s. 6d.; best best bars, 
147. 10s.; iron ship plates, 13/. 10s. to 14/. 10s8.; iron 
ship angles, 131. 15s.; iron ship rivets, 171. 108. to 
182. 10s. ; packing iron and steel (parallel), 12/.; packing 
iron and steel (tapered), 14/. 58.; steel bars (no test), 
141. 10s. ; steel ship plates, 11/. 10s. ; steel ship angles, 
lll. 2s. 6d.; steel ship rivets, 191. to 201.; steel boiler 
plates, 127. 10s. ; steel joists, 11/. 2s. 6d. ; steel strip, 171. ; 
steel hoops, 17/. 10s. ; and heavy sections of steel rails, 
101. 17s. 6d. 





Benzot For Motors.—Many of the more important 
gas and colliery undertakings which have installed benzol- 
recovery plant for meeting the urgent demands for war 
purposes have been approached by representatives of 
the motor industry as to their probable future production 
ot benzol. Benzol is recoverable to the extent of about 
1 to 1} gallons per ton of coal carbonised in the process 
of coal gas manufacture, and future supplies may largely 
depend upon a sufficient outlet for the resultant coke 
(about 11 ewt. per ton of coal carbonised) being obtained. 
In the past surplus coke has been extensively used in 
the manufacture of carburetted water gas, which contains 
little or no benzol, and, moreover, is dependent upon 
imported solar oil—now much enhanced in price owing 
to shortage of tank tonnage. It will, therefore, be 
seen that while it is to the national advantage, and also 
to the interest of both the gas and the motor industries, 
to minimise, so far as possible, the use of imported fuels, 
it is incumbent upon the motor interest, which desires 
to see abundant supplies of benzol, to assist by making 
the iullest possible use of the residual fuel, gas coke. 
The extent to which benzol production might reach is 
indicated by the fact that one large gas company last year 
carbonised nearly 1,800,000 tons of coal, and that the gas 
made from even this large quantity was supplemented 
by the addition of carburetted water gas, the manu- 
facture of which involved the use of about 13,250,000 
gallons of imported oil. 





NOTES FROM THE SOUTH-WEST. 


Cardi ff—The general tendency of the coal market has 
been somewhat easier. Tonnage has arrived, and loading 
has been proceeding with activity, although the uneasi- 
ness in regard to shipping, to which we referred last 
week, remains practically unaltered. In the meantime 
the stocks of coal have accumulated. In the matter 
of steam coal, best Admiralty large and best seconds 
remaining nominal, the last quotations f.o.b. which have 
come to hand are the following :—Secondary quality, 
28s. to 29s.; ordinary, 25s. to 27s.; Monmouthshire Black 
Veins, 28s. to 29s. ; Western Valleys, 27s. to 28s.; Eastern 
Valleys, 25s. to 26s.; best bunker smalls, 17s. to 19s. ; 
cargo smalls, 12s. to 16s. In regard to bituminous 
coal, best households at pit have made 25s. 6d. to 268. 6d. ; 
No. 3 Rhondda large, 28s. to 29s. ; No. 2 Rhondda large, 
24s. to 25s.; and No. 2 smalls, 15s. to 17s. Patent fuel 
was quoted 35s. to 37s., and coke for export made 
62s. 6d. to 65s. for special foundry; 57s. 6d. to 60s. 
for good foundry; and 47s. 6d. to 52s. 6d. for furnace 
coke. The latest quotations for pitwood ex-ship were 
58s. to 60s. 


Western Trade Matters.—At a meeting of the directors 
of the Anglo-Spanish Coaling Company, Limited, held 
last Monday at the Cardiff Docks, Mr. J. P. Cadogan 
was elected chairman in the ps of Lord Rhondda, 
who resigned following upon his appointment to the 
Ministry.—The annual meeting of the South Wales and 
Monmouthshire Coal Freighters’ Association was held a 
few days ago, when Mr. F. B. Saunders, the commercial 
manager of the Rhymney Company, was elected chairman 
for the year, in succession to Mr. T. J. Callaghan.—Last 
Monday a meeting took place of Cardiff shipbrokers and 
chartering representatives, with the object of considering 
a scheme for the formation of a Cardiff Shipbrokers’ 
Association to protect the shipbrokers’ interests. The 
position of shipbrokers in relation to the new Govern- 
ment proposals with reference to the chartering of 
foreign tonnage was also considered at the meeting. 





Sarety iv Rarmway TrRavetiine.—In 1916 the 
Pennsylvania Railroad System carried in its trains more 
people than in any previous year of its history, and did 
so without losing the life of a single passenger in a train 
accident of any kind. Statistics which have just been 
compiled show that during the year there were trans 
ported safely, on the lines east and west of Pittsburg, 
196,294,146 passengers. Figures for the last few weeks 
of the year are necessarily partly estimated. The heaviest 
freight traffic ever handled by the Pennsylvania Railroad 
system was moved over its lines at the same time that 
these passengers were being carried without loss of life. 
The entire Pennsylvania Railroad tem, taking into 
account every affiliated company either east or west of 
Pittsburg, now has to its credit three full calendar years 
in which no passenger has been killed as a result of a 
train accident on any portion of the lines. During this 
aps 553,890,063 passengers—equal to five and one- 

lf times the population of the United States—have 
been safely transported a total distance of approxi- 
mately fifteen billions of miles, or 150 times as far as the 
sun is from the earth. Upward of 9,000,000 trains, 
carrying both passengers and freight, were operated by 
day and night, through sleet and storm, and fog and 
sunshine, over 12,000 miles of railroad line and 27,000 
miles of track, while these mgers were being taken 
on their journeys without loss of life. 





PROJECTILES FOR THE Untrep States Navy.—In the 
proposals which were opened on the 3rd inst., which 
cover 7,200 sixteen-inch armour-piercing, 8,100 fourteen- 
inch armour-piercing, and 900 fourteen-inch, Class B 
(non-armour-piercing) projectiles, were as follow, says 
the Iron Age :—16-in. A.P. :—Bethlehem Steel Company, 
4,000 at $775 each ; first delivery in 22 months, and one 
lot each two months thereafter. Crucible Steel Company 
of America, 1,700 at $768.50 each ; deliveries to begin in 
760 days, and continue at the rate of 500 every 105 days. 
Midvale Steel Company, 1,000 at $900 each; deliveries 
to begin in 600 days, and to continue at the rate of 500 
every four months thereafter. Washington Steel and 
Ordnance Company, 2,500 at $750 each; deliveries to 
begin in 20 months, and to continue at the rate of 165 
per month. Hadfields, Ltd., 3,000 at $513 each ; 
deliveries to commence in 11 months, and to continue 
at the rate of 500 per month. 14-in. A.P.:—Crucible 
Steel Company, 2,000 at $543.50 each; deliveries to 
begin in 1,076 days, and to continue at the rate of 500 
every 60 days. Midvale Steel Company, 5,600 at $550 
each; deliveries to begin in 450 days, and to continue 
at the rate of 500 each six weeks thereafter. Washington 
Steel and Ordnance Company, 1,000 at $500 each ; 
deliveries to begin in 20 months, and to continue at the 
rate of 250 per month. Hadfields, Ltd., 4,500 at $356 
each ; deliveries to begin in 11 months, and to continue 
at the rate of 500 per month. 14-in., Olass B. :— 
Bethlehem Steel Company, 900 at $310 each, all to be 
delivered within ?2 months. We may add that Messrs. 
Hadfield’s offer has been accepted; but the official 
announcement is made that the Minister of Munitions 
desires it to be known that the whole output of steel in 
the United Kingdom is under his control, and that, so 
long as the exigencies of the war continue, no permis- 
sion will be, or can be, given by him to proceed with this 
work, seeing that it would involve the employment of 
men and the use of materials for purposes than 
those necessary for meeting the needs of ourselves and 
of our Allies. The Minister understands that Messrs. 
Hadfield, when tendering, stated clearly that their offer 
was conditional upon permission being obtained to 
manufacture the shells. 


CAST-IRON: WITH SPECIAL REFERENCE 
TO ENGINE CYLINDERS.* 
By J. Epcar Hurst, Manchester. 
(Concluded from page 54.) 


Fies. 19 and 20, eee 76, illustrate the swelling out of 
the graphite and ial liquation of the phosphide 
eutectic, and are supplementary to Fig. 18 on page 53 
ante, The specimen was cut from a high phosphorus cast- 
iron bar heated to 890 deg. C. for ye agree period. 
The distinctly granular appearance of the pearlite is a 
characteristic feature of the heat-treated cast-irons. The 
lamellar character of the — is rapidly lost, and 
changes into either a bead-like or granular form, accord- 
ing to the temperature maintained during heat treatment 
and the rate of cooling of the specimen. 


Section 3.—On CHemicaL ConstITUTION. 


The question of the most suitable chemical composition 
for cylinders, liners and pistons is a most important one, 
and involves an immense number of considerations, which 
increase the complexity of the subject enormously. 

Primarily, the properties required of cast-iron for the 
manufacture of engine cylinders, liners and pistons are— 

(1) Resistance to wear and maximum running 


———— ° 
(2) Highest tensile strength and mechanical properties. 

(3) Resistance to growth and cracking when subjected 
to the high temperatures, such as are attained in Diesel 
engine cylinders. 

t will already have been appreciated, and it is un- 
doubtedly a very fortunate circumstance, that the highest 
mechanical strength and good wearing properties in 
cast-iron are practically synonymous terms. This 
statement is to qualified, however, by the effects of 
surface flow and allied phenomena. 

The presence of certain elements in notable quantity, 
particu “J the element manganese, undoubtedly has 
a large influence on the wearing and running properties 
combined, This influence is largely due to their influence 
in the production of glazy surfaces. High-manganese 
cast-iron more readily presents a glazy surface in an engine 
cylinder after use than low-manganeseirons. The element 
chromium is even more valuable in this respect. 

The mechanical strength of cast-iron rapidly falls with 
increasing temperatures. This is an important con- 
sideration in connection with surface disintegration, and 
it is very probable that the influence of manganese and 
chromium in increasing the resistance to wear, more 
particularly by surface disintegration, can be traced in 
some degree to their influence in the production of higher 
strength irons at high temperatures. Unfortunately as 
yet we have no figures to confirm this view. 

The following table (Table IV) shows the influence of 
temperature on the mechanical properties of cast-iron 
(8). 





Tasre IV. 
Temperature, Bending Inches. 
Deg. C. Strength. Bend. 
Tons per sq, in 
18 B35 0.31 
66 22.22 0.30 
268 21.08 0.28 








297 19.88 0.30 
620 12.09 0.55 
807 7.56 | 0.94 
18 23.58 0.30 
21.90 0.28 

155 21.27 0.28 
370 21.02 0.30 
580 16.03 0.57 
810 6.16 0.79 


Mechanical Properties—The mechanical strength 
properties of cast-iron depend almost entirely, under 
normal conditions, on the state of the carbon and the 
grain size. In their turn these two factors are entirely 
controlled by the chemical constitution of the iron and 
the thermal treatment (by which is understood the casting 
temperature and the rate of cooling) of the iron. 

It must always be borne in mind in mechanical strength 
considerations of a heterogeneous alloy, such as cast-iron, 
that the arrangement and distribution of the constituents 
are quite equal in importance to the quantity. 

The most important factor in the chemical constitution 
is the silicon content. The average conception of the 
influence of silicon in cast-iron does not appear to be quite 
correct. The researches of Dr. Hatfield (9), Charpy and 
Grenet (10), and others show that the influence of silicon 
is inseparable from that of the rate of cooling. In Dr. 
Hatfield’s experiments it was shown that the precipitation 
of free carbon does not occur with increasing silicon 
content in a gradual manner, as generally conceived ; but 
there would appear to be a silicon percentage—in this 
worker's case, between 1.4 per cent. and 1.7 per cent.— 
at which the complete dissociation (for practical pu ) 
of he carbide and the precipitation of the free carbon is 
brought about. The amount or concentration of silicon 
necessary to bring about dissociation depends upon the 
rate of cooling. 

This is substantiated by Hague and Turner (11), who 

int out the ease with which the metastable conditions 
in the presence of silicon revert to the stable conditions, 
and vice versa. In their experiments on the iron-carbon 
silicon alloys, at the white-iron end of the series, slow 
cooling of the metal in the crucible, even with so low a 
silicon content as 0.03, left the metal quite grey, whilst, 





"* Paper read before the Manchester Association of 
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on the other hand, the slight chilling effect of a small 
platinum pin in connection with their extensometer 
instrument, embedded in the test bar castings and mould, 
was sufficient in certain bars to produce a local white 
fracture whilst the rest of the casting was quite grey. 

The importance of this is that it is approximately in 
the region of this point—i.¢., the point at which the silicon 
percentage, coupled with the rate of cooling, brings about 
the dissociation of the carbide content, producing a 
‘completely grey bar’’—that the closest grained finely 
divided graphite irons are obtained, with consequently 
high mechanical properties, This is amply shown by the 
examination of specimens from the boundaries of the 
chilled and grey portions of chilled test bars. In such 
specimens the conditions of a constant silicon content 
with a gradually decreasing rate of cooling from the 
chilled edge inwards obtain. The portion at the boundary 
of the chilled and grey portion is that at which the rate 
of cooling is just sufficient to bring about the dissociation 
of the carbon content, which. it will be seen from the 
microphotograph, Fig. 21, is inaugurated at numerous 
centres, and develops in this particular instance to a 
completely grey iron having a network arrangement of 
the phosphide, together with very finely divided, oft- 
times rosette-formed, graphite. 

The author would emphasise the advisability of em- 
ploying a much lower silicon content than is usually the 
ease in actual present-day practice. The analyses given 





Fig. 19. Ercuep wiru Proric Acip; 
MAGNIFIED 250 DIAMETERS. 


in the following table serve to illustrate this point. These 
analyses are taken from gas-engine liners of very closely 
related cross-sectional area, and illustrate admirably the 
apparent inutility of, in this case, the excess silicon 
content over approximately | per cent. There should 
be no difficulty experienced in the production of low- 
silicon content cast-irons. These are readily produced 
by the addition of varying proportions of either steel 
scrap or white irons to the cupola mixture. It should 
be pointed out that this is the only real advantage of 
the so-called semi-steel mixtures, 

In these low-silicon irons the presence of those elements 
having a great influence in increasing the stability of the 
carbide, such as sulphur, must be kept at a minimum. 
In the analyses in Table V it will be seen that the 
presence of | per cent. of manganese in these low-silicon 
irons still leaves the iron quite grey. 


Tante V. 
Analyses 
Sample Thick- Brinell 
No. | CC. | Gr.| 88 | Mn i 8 Pp nessof No. 
per per per per per per Casting. 
cent. cent. cent. cent. cent. ‘cent. 
] 0.61 2.70 1.23 0.85 0.072 0.93 i 22 
2 0.68 2.68 0.93 1.04 0.080 1.18 1 228 
3 0.87 2.46 0.98 1.10 0.090 0.89 1} 228 
4 0.64 2.38 2.04 0.84 0.069 0.702 i 196 


Unlike manganese, small percentages of chromium 
favour the retention of the carbide, and consequently, 
in such low-silicon irons chromium must not be present 
in excessive amounts. 

The infiuence of casting temperature has already 
been indicated in Table I (page 53 ante). Broadly 
speaking, the higher casting temperatures favour the 
retention of the carbide. This is in all probability due 
to the phenomenon of under-cooling (12). The metastable 
carbide phase is retained beyond its true dissociation 
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|temperature. The influence of casting temperature is 


more pronounced in the case of low-silicon irons, as, 
for instance, the case recorded by Dr. Hatfield (13), 
in which two bars of the following composition were 
cast, the casting temperatures of the two bars being 
varied by 180 deg.C. The higher casting temperature bar 
resented a mottled white fracture, whilst the other 
ar was quite grey. 
Per cent. 


Teams ... pan bias ¥F sid 3.20 
Si ile sae at as ae 1.10 
Mn ve oe mr ae pes 8.41 
ee ate eee oe she oaks 0.02 
rs a ila ond =? Hk 0.20 


The necessity for controlling and standardising the 
casting temperature will be quite apparent. 

In many instances the variation of the rate of cooling 
with a constant and somewhat higher silicon content 
is resorted to as a method of obtaining ideal engine 
cylinders. This method is peculiarly applicable to com- 


| plex castings, which would otherwise be difficult, with a 


low silicon content, to obtain sound. The variation in 
the rate of cooling is most generally effected by the 
use of chills on the cylinder barrel core, and a great 
number of locomotive cylinders in particular are cast 


| in this way. 


With the use of chills the same point can be arrived 





Fic. 20. Ercnep wirn Picric Acip; 
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at with a higher silicon content as with the lower silicon 
content and normal cooling. In this connection it is 
interesting to note a peculiar phenomenon. The analyses 
in the following table (Table VI) are taken from various 
portions of a steam-engine cylinder, as indicated in the 
table. The cylinder was chilled by means of §-in. chills 
attached to the barrel core. From the analyses it will 
be noticed that there is less combined carbon in the 
actual chilled face than in the portions which were not 
chilled. This is the result of the prolongation of the 
cooling period after solidification of the metal in contact 
with the chills, brought about by the highly-heated chills. 
This can largely be overcome by increasing the thickness 
of the chills. 
Tasie VI. 


Analyses. 


Sample 
No. Total 

|} CC, Gr. Cc Si Mn 8 P 
| per per per; per per. per per 
cent. | cent. cent. cent.’ cent. cent. cent. 


Remarks. 








1 0.303 | 3.00 3.30 1.70 | 0.82 0.08 0.66, Flange. 
2 0.18 | 2.98 3.16 | 1.72 | 0.79 0.077 0.66 | Portion 
| not chilled 
3 | trace | 3.33 3.33 | 1.68 | 0.92 | 0.079 9.64 | Chilled 
| portion. 


. 

These peculiar surfaces are close-grained and of high 
tensile strength, consequent upon the rapid cooling 
during the pre-solidification period. They are, however, 
somewhat soft, and contain very finely divided free 
carbon, possibly temper or annealing carbon, as a 
result of the dissociation of the pearlite carbide. 

The question of the chemical constitution and its 
relation to growth and allied phenomena have been 
dealt with in a previous section. It will there be seen 
that one of the chief preventative measures to be taken 
against those phenomena is the elimination, as far as 
possible, of phosphorus. 


From the point of view of wear and running properties 
this is not very satisfactory, and although very satis- 
factory running properties are obtained from cast-irons 
in which phosphorus is absent, it is the author’s opinion 
that the presence of phosphide eutectic improves these 
properties considerably. 

The use of chromium irons successfully overcomes this 
difficulty and they are, in fact, much superior to any phos- 
phorus iron. By reason of its profound influence on 
increasing the stability of the carbide, it is possible, by 
proportionately adjusting the silicon and chromium 
contents, to produce a grey iron in which the micro- 
constituent cementite (in this case the double carbide 
of chromium and iron), is disseminated throughout the 
whole structure. In addition, the other advantages of 
the presence of chromium have already been pointed out. 

In conclusion, the author would emphasise the immense 
importance of the continued study of the application 
of cast-iron to the design of engine cylinders and allied 
machinery parts. 

The advent of the internal combustion engine and 
the consequent demand on all branches of the metal- 
lurgical industry for materials having the maximum 
physical and mechanical properties, is undoubtedly 
responsible for the great advance in the art and metal- 
lurgy of cast-iron. At the same time, however, it should 
always be borne in mind that the field of complex 
high-carbon alloys is still far from exhausted, and the 





Fig. 21. Section FROM CHILLED SPECIMEN; ETCHED 
witH Prcric Actp ; MAGNIFIED 75 DIAMETERS. 


author is convinced that, with the constant application 
of research in these realms, in conjunction with advance 
and improvements in the methods of manufacture, the 
labourer will reap his reward. 

The author begs to tender his most sincere thanks to 
Messrs. Richard Hornsby and Sons for their permission 
to use the greater part of the information contained in 
this paper; and also to Messrs. Mirrlees, Bickerton and 
Day; to Mr. R. Onions, and the many other kind 
friends who have so readily placed information at his 
disposal: and also to the editor of ENGINEERING for 
the permission to reuse Figs. 1, 2, 5, 6, 7, 16 and 17. 
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ProposeD New CommerciaL Harspour aT KIEL.— 
The construction of a new commercial harbour at Kiel. 
specially intended for the large steamers trading on the 

altic, is under contemplation by the Kiel authorities, 
The new harbour is intended to be located opposite 
the Howaldt yard. The depth of water is 6 m. (about 
20 ft.). The whariage is about 420 m. (1,378 ft.) in 
length. 
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THE machine illustrated in Figs. 1 to 4 above has been | canopy above the hanging spars, and drive the hot air 
designed for quick mechanical drying of any articles|down on the suspended material at one end of the 
which it is possible to hang on the clips, and will| room, and take it up again at the other, forming a 
doubtless interest managers of industries in which the | complete circulation. 
process of drying forms a considerable part. | The air supply and heater fan are situated on the side 

The system employed for drying is that of heated air | at the delivery end of the machine outside, the heater 
: in rapid motion circulated inside the chamber by | being also at this end on the floor inside. The cool air is 
F propeller fans, either motor or belt-driven, of the | driven through the heater into the chamber, and is 

ordinary ventilating type, in conjunction with a | taken up by the circulating fans above. An exhaust-air 
similar fan to supply and drive the air through a heater | outlet is formed on the top at the delivery end, and an 
heated by live or exhaust steam, or it may be a coke | average temperature of about 120 deg. F. is maintained 
fire. The former method of heating is, however, in | inside. The air heater may be constructed either of 
| steel tubes or with cast-iron gilled radiating pipes, 


general use, so we confine our remarks to it. : 
The apparatus carrying the material to be dried consists | and can be economically heated by engine exhaust. 
The chamber has an opening extending the full width 


of endless chains supporting wood spars (Figs. 1 and 2), : 
with metal clips or catches attached to grip the damp | at the feed end, with a hinged flap to lower when loading. 


linen. The chains are stretched on two shafts with | The feed roller projects beyond this to the outside, 
sprocket wheels, forming practically a roller, one at each | and the flap can be raised close under the roller when 
end of the machine, and revolving in fixed bearings at the | the operator is not feeding it, this preventing loss of 
feeding end and in slide bearings at the delivery end. The lhot air. The delivery end has a sliding glass door, 
latter are provided with screws to tighten the chains. | in halves, to be opened at intervals for taking out the 
The chains have rollers attached, running on rails along | linen. The chamber is generally bolted together in 
each side of the chamber. The material (or bags con- | sections for extension ; this can conveniently be carried 
taining it) is fixed on the clips through an opening | out without incurring much alteration or expense. 
at the feed end, and the chain roller has a hand wheel| The machine is generally used in 15 to 20 ft. lengths 
attached to turn it. The feed roller is turned slightly | and 9 ft. wide inside, and of these dimensions is capable 
to move the suspended material further into the | of a large output, the time allowed for average drying 
chamber, and the next set of clips is loaded, and so | being about 25 minutes. 
on until the first set has reached the delivery end. | A general arrangement of the apparatus is shown in 
When this is dry the roller is turned still further until | Figs. 1 and 2, while Fig. 3 indicates the action of the 
the loaded clips begin to turn round the delivery roller, grips on the hanging spars. The apparatus is con- 
then they automatically release the material on to a | structed by Messrs. D. & J. Tullis, Limited, «f Clyde- 
platform or grating covering the air heater. The feed | bank, Glasgow. 
roller is generally operated by hand with machines of| The chief advantages claimed for this system, com- 
moderate size, but in a larger size power can be | pared with other forms of drying, are these :— 
applied. The saving of floor space, the rapidity with which 
The two cireulating fans are enclosed in a hood or the reduction of labour in 
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| material can be dried, 
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Fig. 3. 


handling, and the fact that the operators are working 
outside in comparatively cool air. 

It has also the advantage of portability, although it is 
sometimes incorporated with the works building for 
cheapness, either by adapting an existing drying-room, 
or by building it against an existing wall, with the 
framework carried up to the roof joists. The latter 
method facilitates light construction, particularly when 
the circulating fans, described above, can be 
supported on the joists, so that the drying chamber 


| becomes then a cover to retain the heat and enclose the 


hanging spars, chains, &c. The latter are supported 
on the framework, and as a result the covering-in 
material and construction can be of a light description. 
In the present article we have dealt only with the 
machine as a portable unit, as shown in Fig. 4. 








ITALIAN ELECTRIC RAILWAYS. 

ELEctric traction on the Italian railways has largely 
developed of late years, and numerous lines formerly 
operated by steam in Liguria, Piedmont and Lombardy 
have been electrified with a view to enable them to deal 
adequately with increased traffic. In the work of 
electrification, standardisation is practised to as large 
an extent as possible, this being more especially the 
case with regard to the contact lines and the loco- 
| motives. At the present time, on a total of 700 km. 

(435 miles) of electrified lines, haulage is effected by 
| practically one single type of engine, of which there are 
| about 150 now in service for a total of 300,000 h.p. 
| In the same way, the contact lines have gradually 
| been rendered practically uniform both as regards 

suspension and insulation. In the present article we 
review the reasons which have influenced the Italian 
electrical engineers in their selection of a type of 
| contact line suspension with the required insulating 
| devices. 
Overhead Suspension.—Of the +two systems of 
| Suspension which from the commencement of railway 
electrification in Europe and in America were alter- 
| nately to the fore, the longitudinal and the cross 
suspension systems, the latter only has found applica- 
ticn on the Italian railways. Owing to the possi- 
bility it confers of maintaining at a ccnstant level all 
the points of the contact line and of automatically 
regulating the tensicn of the line whilst securing a 
perfectly good insulation even with high voltages, the 
longitudinal system characterised by long catenary 
suspensions soon gained prominence in all countries 
over the cross system, whose application, so to speak, 
has generally been limited to tramway lines and to 
lines in mountainous regions. The Italian railway 
engineers, at the time of the first electrification work 
on the Valtellina railway, were faced with an entirely 
new problem, since that railway was the first to 
adopt high-tension three-phase current, there being 
two contact lines under different voltages. In these 
conditions the methods followed in other electrification 
work were hardly applicable, and it was necessary 
to devise a method which would meet the requirements 
of the system selected for electrifying the railway. 
Further, the latter runs through numerous tunnels, 
especially in the Lecco-Colico section, and all these 
circumstances together led, after a series of trials, to 
the adoption of a cross suspension, consisting of two 
wood posts, one on each side of the: track, connected 
together by a wood cross-piece. The contact insulators 
are carried by an insulated wire stretched between the 
two posts. 

The excellent results obtained with the new system of 
electric traction suggested immediately the possi- 
bility of applying three-phase current to other lines, 
together with all the other features which had given 
satisfaction. Moreover, the nationalisation of the 
railways helped to unify the schemes and led later 
to the electrification of other important lines. 

The method of cross suspension was adopted for 
oll the new lines, but not without having experimented 
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in the meantime, and after completion of the Valtel- 
lina railway plant with a longitudinal catenary suspen- 
sion. The double track section Lecco-Calolzio, 8 km. 
(5 miles) in length, on a level and having no tunnel, was 
selected for experimenting with longitudinal suspen- 
sions manufactured by Messrs. Ganz and Westinghouse 
(Fig. 1, page 80). The experimental contact wires so 
laid were found quite satisfactory, both in regard to 
mechanical qualities and insulation. In 1914, after 
several years of inactivity, the experimental installation 
was put under current afresh, following upon the 
electrical working of the line Monza-Lecco. The 
plant was found suitable, even with the new polyphase 
engines, having speeds of from 75 to 100 km. (46 to 
62 miles) per hour. The section was put in service 
without changing the insulators and without any 
repairs, a notable circumstance, seeing that during 
the years in which it remained unused the electrical 
equipment was constantly under the action of the 
smoke issuing from the steam locomotives. An 
objection to the longitudinal suspension is its cost, 
50,000 lire per km. (3,2001. per mile), coupled with the 
very great complications at aerial crossings. 

The reasons which have led the Italian railway 
engineers to prefer the cross suspension are, in the first 
place, the mountainous nature of the railways to be 
electrified, which makes it necessary to adopt an 
overhead construction which is both strong and 
simple. Further, the occurrence of numerous tunnels 
and the advantages of using one single type of suspen- 
sion would in themselves have been sufficient to lead 
to the adoption of the cross type, for in tunnels with 
the longitudinal type the sag of the contact wire is 
too pronounced. The cross suspension, whilst simple, 
has the necessary strength to resist atmospheric dis- 
turbances on lines which are exposed to sudden gusts 
of wind. The aerial crossings are of much easier con- 
struction, and, finally, the cost of the cross suspension 
is about 50 per cent. less than that of the longitudinal. 
The cost estimated was 25,000 lire per km. (1,600I. 
per mile) of track, based upon a distance between 
the suspension points of from 20 to 33 metres (65 to 
108 ft.), according as the track lay in curves of small 
radius (400 m. = 1,312 ft.) or inastraight line. In such 
conditions and with the highest speeds of the engines 
built for the new lines, 50 km. (31 miles) per hour, 
a sufficiently uniform contact of the collector against 
the aerial wire could be reckoned upon, together with 
the exclusion of the disadvantages in regard to current 
supply due to irregularities in contact on passing the 
insulators. A minimum cost of upkeep was also 
reckoned upon at the rate of 500 lire per kilometre (321. 
per mile) per annum. 

The results obtained in the course of over 10 years’ 
operation are as follow :— 

I. Suspension in the Open.—The wood poles adopted 
in the Valtellina plant were abandoned and preference 
was given to Mannesmann tubular posts, built up of 
two or more cylindrical sections of decreasing diameter 
towards the top, in such a way as to obtain practically 
a post having at every point the same resistance to 
flexure. Here it may be remarked that the post 
carrying an aerial wire being normally under a stress 
exerted always in the same direction, the circular 
section of the tubular type is not the one having the 
best efficiency, since it corresponds to a uniform 
resistance to flexure exerted in any direction It is 
well known that an ordinary lattice post of suitable 
design can withstand the same stress as a tubular one 
for a less weight of material, and that the cost of a 
tubular post per unit of weight is about 20 per cent. 
higher than that of the lattice t. But exclusive 
preference was given to the tubular post owing to its 
greater simplicity and its smaller dimensions, qualities 
which both facilitated erection and tended to increase 
the visibility of the signals. In this latter respect, 
it is easy to understand that the presence of numerous 
poles and the complex nature of the aerial system 
for a three-phase electric railway make it difficult to 
distinguish clearly the semaphores at a distance of a 
few hundred yards only. For this reason the tubular 
post was deemed preferable to the lattice post; not- 
withstanding this, however, in some of the large stations 
it was found advisable to erect the semaphores on a 
higher level than the normal. 


There are about 10 a of tubular posts, varying in 
size and strength, according to their location and duty. 
On the main lines, both with single and double track, 
smaller poles are used, having a suspension bracket 
for one track. At the small intermediate stations the 
posts are for two tracks, with lateral brackets and poles 
for the aerial frogs. At the large stations single and 
double poles are used, with long brackets for carrying 
the aerial frogs over several lines. The brackets are 
frequently 16 and 18 metres (52 to 59 ft.) in length. 
Experience has shown that there is little advantage in 
resorting to such heavy suspensions with tubular posts, 
these showing their deficiency of strength by bending 


or by displaying an excessive elasticity, to 








notable oscillations under a strong wind or at the pas- 
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sage of locomotives, the trolleys of which always exert a 
somewhat high pressure against the contact wire. In 
the first lines electrified (the older Giovi line, the 
Mont Cenis and Savona—Ceva lines) the maximum 
distance between the poles was from 30 to 33 m. (98 to 
108 ft.) in straight tracks in the open and from 20 to 
25 m. (65 to 82 ft.) in tunnel. On the curves the 
distance was regulated in such a way that the chord 
of the arc subtended between two consecutive sus- 
pensions should not exceed 20 cm. (7.8 in.), this corre- 
sponding to a distance of about 20 m. (65 ft.) in the 
case of curves 400 m. (1,312 ft.) in radius. 

On the basis of these figures the first cost of the 
installation was estimated to be 25,000 lire per kilo- 
metre (1,600/. per mile) of track. Difficulties rapidly 
arose which rendered it advisable notably to decrease 
the maximum distance between the suspensions. It 
is well known that in the cross suspension the wire 
hangs in a series of successive catenaries, having the 
vertex corresponding with the insulators to which it 
is suspended. Now, the current collecting bow, which 
is maintained in contiguity with the contact wire 
by means of an elastic system which gives it a pressure 
of 5 kg. (11 lb.), tends to produce a constant contact 
until the rapidity with which the sag of the contact 
wire varies during travelling exceeds certain limits, 
which can be determined on the basis of the pres- 
sure exerted and of the period of oscillation of 
the wire suspension bow. This, measured with the 
trolley lowered, is about 50 in., and the semi-period 
measured in the direction of travelling will be higher 
owing to air resistance. Taking into account the initial 
pressure it is found that this in every case is insufficient 
to follow with a constant contact the aerial wire of a 
line having the features of the first Italian overhead 
constructions. With a speed of 50 km. (31 miles) per 
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hour, there is a frequent arcing on passing the insu- 
lators, always followed by visible oscillations of the 
suspension bow in the direction of travelling and by 
a characteristic sign pointing to an increase in pressure. 
It is obvious that working with one collector alone is 
practically impossible in such conditions, and that an 
excessive sagging of the line due to accidental causes or 
to a large increase in temperature may lead to a violent 
shock against the wire of the successive spans, with the 
ibility of wear or of fracture of the collector. 
uch are, briefly, the disadvantages which surround a 
cross suspension. The assumption that the distance 
of from 30 to 33 m. between the poles, a tension 
of 300 kg. (660 lb.) at the contact wire, this being 
50 sq. mm. (0.0775 sq. in.) in section, and a pressure 
of 5kg.(111b.) on the bow against the trolley wire, would 
insure in every instance regular current collection, was 
erroneously maintained at first on the Italian rail- 
ways. The influence of the summer temperature, 
any irregularity in the adjustment of the trolley and 
the possibility of ultimately having to exceed the 
maximum speed adopted of 50 km. (31 miles) per 
hour, led to a notable decrease in the maximum 
distance between the suspensions and to an increase in 
the pressure of the trolley and in the tension of the 
contact wire. In the lines recently built and in those 
in course of electrification it has been decided to 
maintain a constant spacing of 20 m. (65 ft.), whether 
in the straight or in curves, and in the open or in tunnel. 
These conditions combined have raised the first cost 
to 35,000 lire per km. (2,2501. per mile). 
The bow carrying the contact insulators is fitted to 
a tubular bracket suitably stiffened by one or more 
tie rods according to its length. The top part of the 
bow is circular (Fig. 2), and can easily adapt itself to 
irregularities in the positions of the fixing stirrups, 
this feature being utilised in the curves, where the 
wires of the outside phase are raised above those of 
the other phase in the same way as the outside wheels 
of the rolling stock are raised above the inside ones, 
with a view to maintain a more regular contact pressure 
of the current collectors. The contact insulators are 
carried by a suspension wire stretched between two 
bow (Fig. located at the ends of the upper supporting 
w (Fig. 2). 
In the stations the bracket is tubular, with suspen- 
sions for multiple tracks. Over some tracks, where 





the aerial frogs are numerous, the brackets of posts 
opposite each other are connected together, thus 
forming a kind of bridge suspension which acts 
satisfactorily in that it tends to reduce oscillations 
due to the very heavy weight of the aerial structure. 
In the large stations double tubular poles are used 
to carry long double brackets having tie bars 
made of lattice-work with the object of eliminating 
horizontal oscillations, which are, however, pre- 
vented by the contact wires, whilst it would have 
been more important to eliminate the vertical ones, 
which manifest themselves to a marked degree under 
a somewhat strong wind. In other stations a 
cross catenary has been adopted, in which the con- 
ductors for all the tracks are carried by a catenary 
suspension stretched over the outside tracks. This 
system has the advantage of rendering the whole of the 
station site free from posts; it has, however, been 
found difficult suitably to regulate the tension of the 
suspension wires, with the result that there occurs a 
tendency to marked oscillations. On the other hand, 
a suspension of this type has been found most suitable 
under the roofs of large covered stations. 

II. Overhead Work in Tunnels.—The materials used 
for the suspension in tunnels have to be selected 
with reference to their resistance to oxidation, and 
this point is of importance, more especially in the 
case of lines on which both steam and electric 
traction are resorted to. The acidity of the smoke 
and water vapours produces notable chemical effects, 
leading to the corrosion of the metallic portions 
of the suspension devices. In the old Giovi line 
tunnels all the iron threaded fittings were found to 
deteriorate rapidly, especially at the points of contact 
of different metals, where most active chemical reactions 
took place, so much so that in the successive renewals 
copper alone, or copper alloys containing no zinc, had 
to be resorted to, a fact which largely increased the 
cost of the work. 7 

The suspension device adopted for the tunnels of the 
old Giovi line (Fig. 3, page 80), consists of two iron 
bars inserted vertically in the arch, 1.20 m. (3 ft. 11 in.) 
apart, with two strong eye-gripping devices of brass 
at the lower ends, as shown in the illustrations. 
Usually the bars are 35 mm. (1.378 in.) in diameter 
and 700 mm. (27.6 in.) in length, and are inserted in 
the arch to a depth of about 350 mm. (13.8 in).; 
the eye-grips are fixed in the side walls to a depth 
of 250 mm. (9.8 in.) at a height of 4.85 m. (about 
16 ft.) from the rail level. Between each eye-grip 
and the end of the nearest bolt is stretched an insulated 
wire which supports the contact wire insulators. 

In the more recent lines this very simple, but in- 
sufficiently strong, suspension was abandoned, and the 
tunnels were fitted with more rational and safer devices, 
in which regard was also had to the oxidising action 
of the smoke and the chemical effects of the earth 
currents. Two main bolts fitted into the arch carry 
the whole aerial system (Figs. 4 and 5). In the single- 
track tunnels the bolts carry a bar fitted at the ends 
with insulators, from which are suspended the contact 
line insulators. In the double-track tunnels a double 
T horizontal frame (Fig. 5) is fitted to the main bolts, 
the frame carrying laterally the two brackets which 
support the aerial wire. This latter method of sus- 
pension has given good results in the Mont Cenis 
tunnel, 14 km. (8.7 miles) in length, and in the Ronco 
tunnel, the length of which is 8 km. (5 miles). 

Insulation. Whilst the insulation of all current 
transmission lines is a most important feature, the 
difficulties met under this head are great and cannot 
be said to be satisfactorily solved. The insulation 
of a contact wire in a tunnel is specially difficult to 
obtain, and the problem is more complicated still 
when, as occurs on some of the Italian lines, the 
service is both electrical and with steam. Even when 
putting down a new installation for electric traction, 
the electric railway plant is for several months, during 
erection, under the action of the smoke from the 
steam locomotives, which covers the insulators and 
the wires with a thin layer of carbon dust which, under 
the further action of the steam from the engine, rapidly 
affects the insulation of the insulators. It may be 
noted here that it appears easier to obtain good 
insulation from an insulator maintained from the first 
under tension and not immediately exposed to the 
action of the smoke. On the Italian lines the practice 
is now followed of putting the lines repeatedly under 
electric tension as soon as they are mounted, and 
then immediately protecting all the insulators by 
cloth or straw coverings until the time when current 
is sent through the line for actual service. 

The insulator of a railway line wire has constantly 
to meet many varying conditions from both the 
electrical and the mechanical points of view.’ The 
current pressure varies from 3,000 to 3,500 volts, with 
normal excess voltage up to 4,000 volts. The. 
mechanical stresses are most varied, since the 
tension of the line varies within wide limits with 





the temperature ; other irregular stresses have also 
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to be taken into account, occurring, for example, 
during erection and inspection. The intermittent 
passage of the electric locomotives, the trolley of which 
exerts a somewhat high pressure on the contact wire, 
the action of the curved sections, of damp and frost, 
are all elements which have further to be taken into 
account in the design of insulators, which latter have, 
moreover, to be easy to fit and to replace, and of reason- 
able cost. 

The problem on the Italian lines is one which has 
been taken up with great interest by railway engineers, 
and when electrification was proceeded with on a large 
scale its importance was immediately recognised. 
The first types adopted, which had been supplied by 
private firms, were abandoned and the State Railways 
undertook to supply them direct with a view to economy 
both in first cost and in the cost of renewals. The 
Italian lines electrified during late years form, therefore, 
in this respect, an interesting experimental field on a 
large scale, in which new types of contact insulators 
have been experimented upon under stringent traffic 
conditions on lines of great importance, having 
numerous sections in tunnel. The problem appears 
now to be finally solved, although perhaps not so 
economically as was at first anticipated. Since April, 
1916, the electric lines have worked regularly, notwith- 
standing the excess traffic due to the war, and in 
regard to efficient insulation the Italian railway 
engineers are able to undertake with certainty of 
success the important work of electrification now in 
contemplation. 

The first insulator adopted on the Valtellina lines 
comprised a stem insulated with ambroin, a compound 
of mica and asbestos with fossil gums and resin, 
and having at its lower end the clamp for holding the 
contact wire. It is surrounded by a cast-iron protection 
bell made with ribs for fixing to an insulated wire 
stretched between two poles. The insulators are of 
different patterns according as they carry the contact 
wire over sections in the straight or in curves, in the 
open or in tunnels. The difference, however, is in small 
matters of detail only. This ambroin insulator, 
although of single insulation, and of reduced weight 
and cost (its price is only 12 lire = 9s. 6d.), gave 
excellent results, both in regard to mechanical resistance 
and insulating property, as is shown by the fact that 
a large number of the original insulators of the Val- 
tellina railway are still in use. 

The Brown-Boveri insulator (Fig. 6, page 78), adopted 
for the Simplon line, was used for the first time on 
the old Giovi railway. This is an horizontal porcelain, 
double-bell insulator ; between the two bells is located 
the yoke, fitted with the two clamps, themselves 
insulated by two ebonite blocks. The yoke, of iron 
or of brass, is cemented to the porcelain by means of 
a special compound which confers to tlhe insulating 
device sufficient elasticity to enable it to accommodate 
itself to great variations in temperature or abnormal 
mechanical stresses The present Brown Boveri insu- 
lators are of various patterns. Over curves and 
at stations they are provided with two separate 
clamps, since the two monophase wires of each aerial 
phase are at a distance of about 6 cm. (2.3 in.) from 
each other; in the straight the two monophase wires 
are joined and are held by double grooved clamps. At 
the frogs the insulators differ from those of main lines 
by a few details in the fittings. With these insulators 
there is quadruple insulation between the two aerial 
phases and treble insulation between the wires and 
the earth, taking into account the lateral insulators 
of the suspension bracket. The anchoring of the 
insulator is well designed, since it allows of a good 
distribution of the stresses under the action of the 
live wire in curves ; further, the lower wire support 
of the suspension bracket aids the action, so as to 
reduce to a minimum the bending stress on the 
stem of the insulator. This type of ipsulator has 
shown excellent mechanical strength and a strong 
insulating power. In tunnels, however, the results 
have not been entirely satisfactory, whilst in the open 
a number of such insulators are still on the line, 
where they have withstood over six years of service. 
Their high cost led the Italian State Railways to 
design their own type for all their lines, known as 
the F.S. type. 

The F.S. type of insulator is an imitation of the 
Brown-Boveri insulator. It consists of thrée porcelain 
bells, mounted triangular fashion, and connected 
together by a yoke of iron or brass. The lower 
bell has a double clamp, the pattern of which is the 
same for all insulators, whether used over straight 
.tracks or over curves. This type of insulator, used 
for the first time over the Mount Cenis line, in 1912, 
was very soon after modified, both in the yoke 
and in the porcelain parts. The new, improved type 
was then used on the Savona-Ceva line. In the 
F.S. elements the insulation of the lower bell was found 
to be inefficient ; in rainy weather and especially on 
the Mount Cenis line, partial or complete brush dis- 
charges were observed on numerous insulators, leading 
to current interruptions. The insufficient mechanical 


strength of the insulators was perhaps contributory 
to this occurrence. At the present time these insu- 
lators are only found on the Savona-Ceva and the 
Mount Cenis lines, especially at the stations. 

The ‘“ Succursale”’ type of insulator followed the 
F.S.; their name is derived from that of the line, 
** Succursale dei Giovi,” on which they were used for 
the first time. The “‘ Sucoursale” type consists of 
two insulators, one over the other, and joined together 
by means of a cast-iron envelope (Figs. 7 and 8). 
The two elements have each a cavity in which is 
cemented an iron core having a threaded stem pro- 
jecting outside. The upper screw serves for fixing 
the insulator to the suspension bracket, and the 
lower for carrying the yoke, with two clamps for 
holding the contact wires. The threaded stems have 
a longitudinal slit, which gives them the required 
elasticity to meet great variations in temperature. The 
adoption of the ‘‘Succursale”’ insulator was extended 
to other lines in construction and in working, even 
before a sufficiently lengthy experience had con- 
firmed its good electrical and mechanical qualities ; it 
did not, however, give the good results that were 
expected. The satisfactory initial insulation decreased 
rapidly, probably following upon deterioration due to 
variations in temperature and to irregular tension in 
the live wire, so that a very large proportion of 
insulators had to be replaced on all the lines after 
a few months of working. The mechanical strength 
of the insulator leaves much to be desired. Its shape 
is such that it does not allow a rational fixing to 
the suspension bracket, and it does not offer a satis- 
factory resistance to the bending stresses met with 
in curves; hence a notable permanent bend is 
quickly developed in many insulators at curves, more 
especially on the lines where the curves are frequent 
and of small radius, such as on the Savona-Ceva line. 

A few modifications were recently made, which 
otherwise left intact the original shape of the insu- 
lator. The new “Succursale” insulators are now 
widely distributed over the greater part of the lines 
already built or in course of electrification. Since 
they have been adopted only recently, it is not possible 
so far to say what their ultimate electrical resistance 
will be. In order to increase the stre two insu- 
lators can be coupled together in parallel in all the 
curves; this, whilst proving a satisfactory solution, 
is not an economical one when it is considered that 
on all the Italian lines about 50 per cent. of the aerial 
supports are required to be over curves. 

With the “ Succursale ” insulator a lateral insulator 
(Fig. 9) was adopted with a suspension bracket of 
entirely similar construction, but formed of one 
element only. By this means, again, there was 
obtained a quadruple insulation between the two aerial 
phases and a treble insulation between one aerial 


phase and earth. 
(To be continued. ) 





“*Sza Power.’’—At the present time, when so many 
people are inclined to be impatient, owing to ignorance, 
as to what the British Navy is doing, Messrs. Constable 
and Co. are to be congratulated on publishing, at the 

opular price of ls. net, an admirable summary of the 
heer of the great wars, in order to elucidate the 
principles and practice of sea power and command of 
the sea. The title of the book is “‘ Sea Power,” and the 
author is Mr. Archibald Hurd, a well-known writer on 
naval subjects. In his introduction Mr. Hurd states 
that in the present volume he has endeavoured to appl 
**Mahanism,” showing the dominating influence which 
sea power has exercised on the two branches of the 
Anglo-Saxon family, separated by the Atlantic, and on 
the British nation in particular. He has certainly 
thrown light, as he himself hopes, on ‘“‘the curious 
aradox that in a world whose history has apparently 
Lom moulded by soldiers, the nations which have always 
supported exiguous armies possess not only so much 
territory, among the most fruitful in the five continents, 
but have been able to cherish lofty ideals of personal 
and communal freedom without disturbance.” In his 
broad interpretation of the meaning of sea power he 
shows that those nations which are opposed to offensive 
wars—that is, wars of attack—act on the principle that 
sea power controls land power, and so long as they 
ossess the former they may have little to fear from the 
atter. Having, in his first chapter, “‘Command of the 
Sea,’”’ explained exactly what this means, with examples 
from recent history, he proceeds to review the effect of 
sea power in all the world’s great wars, quoting with 
great discrimination from many classic writers, and he 
concludes by a brief consideration of the effect ot the 
Buitish Navy on the course of the present great war. He 
establishes the fact that had it not been for the British 
Navy, the German fleet, as against France and Russia, 
would have secured the command of the sea, the power 
to take the allied armies in the flank or rear, and to 
prevent them using the seas for any purpose. The book 
is written in simple language, which can be “ under- 
standed of the people,” and in view of its cheapness 
ought to be closely studied by all. It would be an 
admirable thing if those responsible for the education 
of our young would use it as a basis for simple lectures to 
their scholars, so that they might acquire a clear idea of 
the fundamental principles of Britain’s “first line of 





detence.”’ 
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HYDRAULICALLY OPERATED WATER- 
TIGHT DOORS. 
To tHe Eprror or ENGINEERING. 

Srr,—In your issue of the 15th ult. Messrs. Nisbet 
and Co., Limited, made an apology for a statement in 
the book, ‘‘ Eclipse or Empire ?”’ recently published by 
them, describing the hydraulic watertight door system 
as of German origin. 

In the apology Messrs. Nisbet state “they have now 
ascertained that Messrs. J. Stone and Co., Limited, of 
Deptford, control, and have always controlled, the power 
system for closing watertight doors which they have so 
extensively supplied to first-class passenger vessels.” 

We have been in communication with Messrs. Nisbet 
on the subject, but they claim that the words mean 
nothing more than that Messrs. Stone control the system 
which they use. That this, however, is not the inter- 
pretation which most readers will place upon the words is 
evidenced by letters from friends drawing our attention 
to the matter. 

For 22 years we have been engaged on this work, 
and are the original inventors of the hydraulic system 
of control, and at the present moment are engaged in 
supplying to no less than seven vessels our patent system, 
over which Messrs. Stone have no control. 

As the words are liable to misinterpretation and are 
calculated to do us harm, we ask you to be good enough 
to insert this letter in your next issue and oblige 

Yours faithfully, 
Brunton Broruers, Liuirep, 
(John L. Brunton). 
17, St. Stephen’s House, Victoria Embankment, 
Westminster, London, 8.W., January 19, 1917. 


(We publish Messrs. Brunton Brothers’ letter; but 
at the same time we must say that Messrs. Nisbet’s 
interpretation of their statement is perfectly correct, 
and we do not understand how it could possihly be 
regarded as applying to arrangements for operating 
watertight doors not manufactured by Messrs. J. Stone 
and Co., Limited.—Eb. Z.] 





QUANTA AND RELATIVITY 

THEORIES. 

To THE Eprror or ENGINEERING. 

Str,—Tu quoque will not help us very much; but 
I shall feel grateful to Mr. Edwards if he will kindly 
correct that sentence of mine which he quotes without 
context as an example of the “careless use of ex- 
pressions.” rn point was that “‘ heat,” being a mode 
of motion, could not enter into any substance, and so 
raise its temperature. 

May I once more oy, Ag ropounding of a conun- 
drum? I simply put Mr. Edward’s words into the 
form of a question, to which his latest reply is: ‘A ray 
of light is also a ray of heat or of energy, or of momentum, 
and it can enter a transparent substance at any point.”’ 
To make things quite clear, perhaps Mr. Edwards will 
be so good as to tell us what the temperature may be 
of a “ray of heat” on its way through interstellar 
space between the sun and the earth’s atmosphere. 

Maxwell’s use of ‘‘ Matter and Motion” or ‘‘ Matter 
and Energy’’ as sub-titles does not justify their being 
used in a different way altogether! About ten years 
before the appearance of the “‘ small work dated 1888” 
Maxwell had written (the italics are mine) :—‘‘ When 
we have acquired the notion of matter in motion, and 
know what is meant by the energy of that motion, we 
are unable to conceive that any addition to our knowledge 
could explain the energy of motion, or give us a more 
perfect knowledge of it than we have already’’; from 
which it is evident that Maxwell avoided the mistake 
made by Mr. Edwards. 

The concluding paragraph of his letter of the 13th is 
excellent. It is in itself worth all the space which you, 
Sir, have so generously given up to our little discussion ; 
and I trust it wil] encourage many of your readers to 
think on their own account—and to try to think clearly. 

January 20, 1917. Sesamy. 


ELECTRON, 





A Nationa, Brirish Trape Marx.—At a meeting 
of the Sales Managers’ Association, held in London on 
the 18th inst., Mr. Edwin T. Nind put forward a pro- 
—— to the effect that every article of British manu- 
acture should bear a distinctive official national trade 
mark, to imitate which would be both forgery and 
treason, punishable by severe penalties. He did not 
think the man in the street had any real conception of 
the extent to which the people of this country had been 
purchasing goods of enemy manufacture. 





Tue Arronavticat Society or Great Britain.— 
The Aeronautical Society of Great Britain opened its 
52nd session with a lecture by General Brancker, R.F.A., 
on Wednesday, January 24th, at the Institution of Civil 
Engineers. Had it not been for the war, the society 
would have celebrated its jubilee last year. The oe 
which was founded in 1866 by the Duke of Argyll, 
Sir William Fairbairn, and others prominent in their 
day, has throughout devoted its attention to the develop- 
ment of the science in a quiet and business-like way. 
The war has brought aeronautical science into the fore- 
front as a definite branch of engineering, and the more 
prominent firms of aeronautical engineers are identified 
with the society which develops the science. The Society 
of British Aircraft Constructors and the Aeronautical 
Society are in close communion in the matter. It is 
desired that all of those interested in aeronautics should 


become members of the society. Its definition of quali- 
fication is wide, as it has room for students, experts and 
all who are interested as amateurs in the advancement 
of the science. 
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NOTICES OF MEETINGS. 


THE Roya Socrery oF ARTs.—Monday, January 29, at 
4.30 p.m. Cantor lecture.—‘* The History and Practice of Town 
Planning and Civic Architecture,” by Professor A. Beresford 
Pite, F.R.1.B.A., Royal College of Art, South Kensington 
(Lecture I). Tuesday, January 30, at 4.30 p.m. Colonial 
Section.—‘* Imperial Industries after the War,” by Mr. Octavius 
C. Beale, Representative and Past-President of the Australian 
Associated Chamber of Manufacture. The Right Hon. Walter 
H. Long, LL.D., F.R.S., M.P., Secretary of State for the 
Colonies, will preside. Wednesday, January 31, at 4.30 p.m. 
“The Work of the Y.M.C.A. in France,” by Miss Bila C. Sykes. 
Colonel Sir Thomas H. Holdich, R.B., K.C.M.G., K.C.1.E., C.B., 
D.Se., will preside. 

THe Royat Institution or Great Brivatn.—Friday, 
Febr 2,at 5.30 p.m. The evening discourse will be delivered 
by Mr. Charles Carpenter, D.Sc., M.Inst.C.E. The subject is 
“The Supply of Gaseous ee! ” eee. Afternoon 
lectures next week at 3p.m. Tuesday, January 30. Professor 
Charles S. Sherri mn, M.D., LL.D., D.Se., F.R.S., Fullerian 
Professor of Physiology, R.I., on “* The Old Brain and the New 
Brain, and their Meaning” (Lecture III). Thursday, February 1. 
Professor F. G. Donnan. M.A., Ph.D., F.R.S., Professor of 
General Chemistry, London, on “The Mechanism of Chemical 
Change” (Lecture I). Saturday, February 3. Mr. Henry 
Walford Davies, Mus.Doc., LL.D., on *‘ Line in Plain Chant and 
Folk Song ” (Lecture I). 
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MACHINERY AND THE COST OF 
LIVING. 


Tue taking of a true perspective is one of the 
difficulties of the untrained thinker. There is too 
great temptation to accept facts within one’s own 
personal knowledge, too little tendency to dip 
deeply into history or to sift distant facts, in orde 
that the influences of present-day events may be 
illuminated by the experiences of the recent or 
remote past. The consequence is that a full measure 
of the importance of passing events cannot be 
obtained. This applies with special force to the in- 
fluence of machinery on the cost of living, and still 
more on the extent of employment available and 
on the true wage earnings of the worker. And yet 
this problem is one of the greatest significance in 
connection with the prosperity of the working 
classes, even more than with that of the capitalist or 
** well-to-do.” The margin upon which the average 
working man’s family has to operate in balancing 
income and expenditure is enormously less than in 
the case of the well-to-do, and anything which will 
increase this margin must be of great advantage. 
Consequently, if by the co-operation of capital and 
labour the productivity of labour can be improved 
for a given expenditure, the gain accruing to the 
working classes must be of marked benefit. 

The increased production must be achieved 
principally by the introduction of mechanism, 
whereby, with the expenditure of a given amount of 
personal effort, either mental or physical, the volume 
of the output is increased. If this result be achieved 
the value due to increase in manufactures is available 
for higher earnings to the worker, for adequate return 
on the capital involved for the mechanism necessary 
for greater manufacturing efficiency, and for a 
reduction of the selling price. Unless all these three 
gains accrue there can be no true general advantage. 
The capitalist must be stimulated to further enter- 
prise, the worker must be encouraged to greater 
effort, and the buyer must be induced to multiply 
his purchases, so that the demand for the services 
of the worker and capitalist may be maintained. 
In the past capitalists have been lax, partly through 
mental indolence or the failure to recognise the 
fundamental principle that manufacturing efficiency 
is the determining factor in commercial prosperity, 
and partly by the doubt as to whether the new 
appliances will yield the triple advantages already 
enumerated. The worker, through a lack of faith— 
which, unfortunately, is not without some measure 
of justification—looks with suspicion on any means 


%3| whereby the output per worker can be augmented. 


He fears unemployment ; he thinks that the whole 
of the result of the combined enterprise of employer 





and increased labour production should be handed 
over to labour. Only if the latter idea be applied 
can the former result be possible. The whole 
history of industry has established the fact that 
reduction in the cost of manufacture and its selling 
price tend to increase the demand and stimulate its 
use ; without exception the ultimate result has been 
increased demand for labour, higher earnings, and 
greater comfort for the working classes. It is true 
that revolutionary changes resulting from inven- 
tions which have suddenly multiplied many times the 
production of any given manufacture have involved 
momentarily dislocation of employment. Therein 
is some justification for the fear of the worker ; 
but this does not apply to evolutionary changes, 
and in any event, when one takes the long view, 
for which we contend, there is the possibility of 
clearer judgment, and therefore a readier acceptance 
of the truth that machinery must increase earnings 
and reduce the cost of living. 

It follows that no opportunity should be lost by 
all thinkers of inculcating the principles of due 
perspective in the study of industrial history. Nor 
should there be any hesitancy in bringing forward 
the salient results from such a study, because unless 
this is done the changes of a day cannot be under- 
stood, since their effect is not illuminated by the 
general trend of events throughout the years and 
centuries. In the James Watt anniversary lecture 
delivered on Friday evening last, at Greenock, 
by Dr. G. B. Hunter, he did well to treat with 
wide perspective the influences of machinery, which 
directly resulted from the primary invention of the 
great Scottish engineer, upon all the industries 
which affect the prosperity of the working classes. 
Without steamships, railways, mechanical agricul- 
tural appliances and milling machinery, food-stuffs, 
particularly grain, could not be delivered into the 
working-man’s home to-day at a fraction of the 
rate required a century ago, when everything 
was done at great physical effort by purely manual 
work. One hundred years ago wheat was sold 
at 126s. 6d. per quarter, as against 32s. 1d. in 
1913. Here is one of the most convincing proofs 
of the advantage of machinery. This result has 
been achieved entirely because the productivity 
of labour has been augmented in an enormously 
greater ratio than the labour cost involved. Dr. 
Hunter is responsible for the statement that 
because this principle has also been applied to ship- 
building ships are to-day 50 per cent. cheaper than 
thirty years ago, whereas in the building and allied 
trades, where wages have increased at an even 
greater ratio than the volume of output, all 
buildings cost 50 per cent. more than thirty years 
ago. Thus, we have, as a result of cheaper ships, 
and consequently greatly reduced rates of freight 
for transport oversea, a reduction in the cost of food 
and raw material for manufactures, with immense 
gain in respect of the cost of living, as well as in the 
extent of employment. On the other hand the working 
classes are called upon to pay rents 50 per cent. more 
than they should were manufacturing efficiency and 
economy achieved in the house-building trade to the 
same extent as in the construction of ships. Several 
other contrasts could easily be made. We might 
instance the great decrease in the working cost of 
railway lines due to higher mechanical efficiency, 
and a consequent reduction in overland freight rates, 
notwithstanding increased wages; on the other hand, 
there is the tendency in coal mining to make wages 
directly proportional to the selling price of coal. In 
the latter case the users of coal—and every working 
man must have his supply of household fuel—have to 
pay more because of the temptation to lessen output, 
to regulate market prices, to increase the selling 
price and consequently advance the wages of the 
worker. The principle is wrong, although ap- 
parently accepted because it is a simple one for 
adjusting wage rates. It removes that incentive 
towards mechanical efficiency which, as we have 
contended, is the first principle of commercial 
prosperity. 

That this extension of mechanical power has been 
not only beneficial in reducing the cost of living, 
but in augmenting earnings, Dr. Hunter had no 
difficulty in establishing. He showed that the 
artisan’s real wages, taking into account the cost of 
living, were 100 per cent. greater than in the years 
immediately following the Napoleonic era, while 
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agricultural workers were 77 per cent. better off; 
Indeed, at no time in the history of England would 
the conditions of the workmen compare with those 
of the present. Taking 1850 as a starting-point, 
the years 1865-9 showed an increase of 10 per cent., 
1875-9 an increase of 30 per cent., 1885-9 an in- 
crease of 50 per cent., and the years 1895-9 an 
increase of 90 per cent.; in fifty years the real 
wage was quite doubled. -Again, on the other side 
of the balance sheet, there is the fact that in 1881 
food and drink were 39 per cent. higher than 
at the beginning of this century. In European 
countries generally real wages per hour worked are 
20 to 30 per cent. lower than in this country, not- 
withstanding that the working week is of from 58 to 
60 hours, instead of 54 as in this country. Miners’ 
wages on the Continent are about 40 to 50 per cent. 
less. In the United States and some of our colonies, 
however, money wages and real wages are higher 
than in this country. This, Dr. Hunter contended, 
was due to two causes, the natural wealth and 
resources, and the increased output of labour per 
worker, a result of improved mechanical appliances, 
more favourable raw material, greater exertion of 
the workers, or better organisation in the establish- 
ments, or of all of these combined. The statement 
of the problem is simple, its solution a great 
difficulty, which requires patience in negotiation, 
enlightenment, and a definite desire for the good of 
the whole of the people. 








LLOYD’S RESPONSIBILITY FOR VESSELS 
BUILT TO LLOYD’S REQUIREMENTS. 
Mr. Justice Sankey, in the King’s Bench 

Division, has given an important judgment, in which 

Lloyd’s Register of British and Foreign Shipping, 

as defendants, successfully resisted an action by a 

firm of shipowners for the amount of damage caused 

to a ship, the plans of which were in accordance with 

Lioyd’s rules, and the construction of which was 

supervised under Lloyd’s Register. The history 

of the case may first be stated, the owners having in 

a previous case sought unsuccessfully to make the 

builders responsible for the damage. The vessel 

in question was a steel screw steamer named the 

Ajana, built by a Clyde firm, Messrs. Russell and 

Co., Port Glasgow, for the Australind Steamship 

Company, and intended for the Australian trade. 

According to the specification the vessel was to be 

built to Lloyd’s requirements for 100 A class. 

The survey classification fees were to be paid by 

the builders. There was to be no alteration to the 

specification unless agreed to by the owners. 

A feature of the design of the vessel was the fitting 
of widely spaced pillars between decks, and Lloyd’s 
Register approved of the midship section, showing 
the pillars and girders. The vessel was built in 
accordance with these plans, and a certificate for 
classification duly granted by Lloyd’s. The vessel 
made her maiden voyage to Australia without mis- 
hap, but on the homeward trip (with a cargo of 
wool and ore stored in the ordinary way) the founda- 
tions of six of the hold pillars gave way, notwith- 
standing that the weather was ordinary. The 
tank top and decks. and other structures which 
the pillars were designed to support, collapsed, the 
damage to the hull, eccording to the steamship 
company, amounting to 10,7451. The contention 
was that the pillars were built on weak foundations, 
with no seating to them in order to distribute the 
load, so that the pressure was too ‘much for the 
floors on which the pillars rested, and they conse- 
quently tore away, the whole of such parts of the 
ship becoming distorted, twisted, and buckled. 

When, eighteen months ago, the steamship company 
sued the builders, the case was heard by Mr. Justice 
Bailhache, but prior to this “he question of liability 
had been remitted to an arbitrator, and on inquiry 
he found that it was not possible to ascertain the 
strength of the foundation of the pillars, and that 
there was no breach of duty or contract by the 
builders in accepting and acting on the requirements 
of Lloyd’s with regard to the foundations of the 
pillars, and in not making calculations themselves. 
He found that the plans were submitted and 
approved on the owners’ behalf by the superin- 
tending engineer, but, in his opinion, this approval 
was not intended to relieve, and did not relieve, 
the shipbuilders from any warranty or obligation 
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incumbent upon them under the contract. He 
decided that there had been no breach of contract 
by the shipbuilders, and that they were under no 
liability to the shipowners for the damage caused 
by the giving way of the foundations of the pillars. 
The shipbuilders in this case were awarded costs. 
On the steamship company appealing against the 
arbitrator’s decision, a special case was stated 
by him for the opinion of the King’s Bench Division. 
The steamship company contended that, under 
section 14 of the Sale of Goods Act, there was an 
implied warranty of fitness, but the shipbuilders, 
on the other hand, contended that the term “to 
the satisfaction of Lloyd’s” embraced in the contract 
wiped out any implied obligation of fitness for the 
purpose for which the vessel was required. Mr. 
Justice Bailhache dismissed the appeal with costs, 
and in giving judgment said: “ The respondents’ 
(the shipbuilders’) counsel had satisfied him that 
the points on which the appeal was taken were 
questions of fact, and that upon those questions the 
arbitrator had made specific findings and left him 
nothing to decide. From what he knew of the 
arbitrator, he was sure he did not intend to shut off 
the parties from taking another judgment on the 
points raised, but having regard to the form of the 
award and the findings, he thought the arbitrator 
had practically ruled the appellants out of court.” 

Following upon this decision, the steamship 
company raised an action against the chairman, 
deputy chairman, and trustees of Lloyd’s Register, 
claiming the amount of the damage suffered by the 
ship on her homeward voyage from Australia. 
Tn this case the steamship company contended that 
it was the duty of Lloyd’s Register to make all 
reasonable and necessary calculations to ascertain 
whether the foundations of the pillars were of 
sufficient strength and reasonably fit to support the 
weight which in the ordinary course would be put 
upon them ; otherwise their plea was that there was 
a breach of duty or negligence on the part of Lloyd’s 
Register. Lloyd’s Register, in their defence, 
denied that they owed any duty to the plaintifis, 
and relied upon section 26 of their rules, which 
excepted the committee from liability for inaccu- 
racies in any report or certificate, and for any error 
of judgment, default, or negligence of the surveyors 
or other officers or agents of the society. 

In his judgment Mr. Justice Sankey held that 
there was no evidence of any contract between the 
steamship company and Lloyd’s. A number of 
facts had been pleaded in order to establish the 
inference that there was such a contract. The only 
contract was between the shipowners and _ship- 
builders for a vessel to be built in conformity with 
the rules of a third party, namely, Lloyd’s Register. 
He was unable to see that that contract made a 
contract between the plaintiffs and the present 
defendants. The plaintiffs, in his opinion, had entirely 
failed to make out that there was such a contract. 
The next point was whether there was any duty on 
the part of Lloyd’s Register which gave the ship- 
owners the right to sue on a plea of negligence. 
Mr. Justice Sankey said: “It was idle to talk of 
negligence unless the party charged with it was 
under some duty. It had been said that a person 
might be as negligent as he liked unless he owed a 
duty to the person seeking to make him liable.” 
Answering the question, What duty could it be 
suggested that Lloyd’s Register owed to the ship- 
builder in connection with the ship ?—Mr. Justice 
Sankey again relied on the fact that there was no 
contract except between the shipowner and ship- 
builder, Lloyd’s Register inspecting and passing the 
vessel. The only duty which Lloyd’s Register owed 
was to the builders. The only persons doing work 
on the shipowners’ property were the builders. 
Lloyd’s Register were only asked to approve of the 
plans of the vessel, and then to see whether the 
vessel had been built in accordance with those plans, 
and, following compliance with the plans, to issue 
their certificate. Mr. Justice Sankey was so satis- 
fied that the shipowners had no contract with 
Lloyd’s Register, and that the latter owed no duty 
to the former, that he gave his judgment on this 
point, and felt it unnecessary to consider section 26 
of Lloyd’s rules, already quoted. The plaintiffs had 
no contract with the defendants, and the defendants 
owed no duty to the plaintiffs. Judgment has 
therefore again gone against the steamship company. 
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THE CONDENSATION HIGH-VACUUM 
PUMP. 


In our issue of August 25 last we illustrated a 
new high-vacuum mercury-vapour pump, the 
development by Dr. Irvin Langmuir of the diffusion 
pump which Dr. W. Gaede, the originator of the 
molecular pump and of other remarkable types of 
pumps, had brought out in 1915. When describing 
his new pump in the Physical Review of July, 1916, 
Dr. Langmuir mentioned that he had, in the 
research laboratory of the General Electric 
Company at Schenectady, already succeeded in 
constructing simpler forms than the first experi- 
mental and rather complicated pump, with which 
he had realised a high vacuum at extreme speed. 
The December number of the Journal of the Franklin 
Institute contains a further instructive article by 
Dr. Langmuir on these researches and on his im- 
proved condensation pumps, which he makes of glass 
or of metal. The improvements involve the applica- 
tion of the condensation principle, the term being 
used in a novel sense, and before describing the 
pumps we will refer a little more fully than we did 
on the previous occasion to the principles of the 
diffusion pump, and also of the condensation pump. 
We are indebted to the Journal of the Franklin 
Institute for our illustrations. 

The main idea in these novel devices is that a blast 
of mercury vapour carries the air or gas to be 
evacuated into the condenser, in which the mercury 
condenses ; the condenser is connected with the 
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“rough” pump, which has to maintain a pressure 
lower than the vapour pressure of the mercury in 
the flask in which the mercury blast is produced by 
heating. Various methods may be employed for the 
purpose of making the air enter the mercury vapour 
blast. Gaede* applied the diffusion or aspiration 
principle in a way which Fig. 1 may help to elucidate. 
A jet of steam or mercury vapour passes up the 
tube AB, past the porous diaphragm C; the vessel 
to be exhausted is connected to the tube E, which 
ends in the bulb D; D is a vapour trap placed in a 
cooling mixture. Vapour will penetrate through 
C into D, but will be condensed in D and not pass 
up E, therefore ; on the other hand, air will pene- 
trate, in the opposite direction to the vapour, 
through C into A B, and will be carried away by the 
vapour blast. By this arrangement Gaede evacuated 
X-ray tubes in two hours. To accelerate the 
process the diaphragm may be made very large or 
very thin; but there is a theoretical limit—apart 
from the practical limit—to this simple view con- 
cerning the reduction of the thickness of the 
diaphragm ; for theoretically the speed of evacua- 
tion should become infinite when the thickness is 
reduced to zero. 

The porous diaphragm may be considered equiva- 
lent to a large number of openings of dimensions 
comparable to the mean free paths of the gas 
molecules on the kinetic theory. Calculating the 
rate at which a gas would diffuse in through a small 
hole in a thin plate, through which another gas or 
vapour is escaping in the opposite direction, Gaede 
found that the first gas would diffuse in at the 
maximum rate when the size of the aperture was 
approximately equal to the mean free path of the 
second gas. Thus we may substitute for the 
porous diaphragm C of Fig. 1 a narrow slot © 
made in the blast tube A B (Fig. 2). The tube A B 
is surrounded by the jacket D, kept cold by F; 





* Annalen der Physik, vol. xlvi, page 357. 
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the mercury blast passing up A B and outward 
through C is condensed in D, whilst the air from 
the vessel to be evacuated flows in through E, D, C 
and up A B. That was the principle of the new 
pumps of Gaede and of Langmuir, the latter of 
which we illustrated in August. In introducing 
the novelty, Gaede had proved, by an investigation 
of the dynamical equilibrium between mercury 
vapour and dilute gases, that a mercury-vapour 
pump can indeed produce an exhaustion below the 
vapour tension of the mercury in the pump— 
contrary to the common belief. 

The action of this pump depends upon two 
processes, the entrance of the air into the vapour 
blast, and the convection of the air molecules 
together with the vapour molecules of the blast into 
the condenser. The second action is that of the 
ordinary steam ejector, but the first action—the 
feed of air, so to say, is in the ejector not ascribed 
to diffusion, but to the lowering of the pressure 
caused by the high velocity of the steam jet. There 
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is not much difference really in principle in the first- 
mentioned distinction between the Bernoulli ejection 
and the Gaede diffusion; we do not quite agree 
with Langmuir on this point. But in practice things 
assume a different aspect; and Langmuir shows | 
that the type of pump indicated in Fig. 3 could not 
produce a high vacuum if considered simply as an 
ejector. In a certain sense Fig. 3 is inverted; the 
vapour blast is supposed to pass down A B, escaping 
at B into C and into the cooled condenser D. The 
connection with the vessel to be exhausted is 
through E and F, and there is a stricture of E at K, 
an important feature. The mercury vapour escap- 
ing at B will strike the wall at K; the wall will! 
become warm, the condensed mercury particles | 
will re-evaporate again, as fast almost as they were | 
condensed, and pass off in all directions ; thus they | 
will also travel up E and raise the gas pressure in 
the inrushing air. The pump should hence fail at 
very low pressure, and Langmuir found this to be so | 
by experiment. When he prevented re-evaporation | 
of the mercury by cooling the walls, not only at D| 
as indicated, but also at K and C, a high vacuum | 
was obtained, the speed of evacuation being 1,800. 
cub. em.—and up to 4,000 cub. cm. with improved 
pumps—per second instead of 80 cub. cm. by the 
Gaede diffusion pump. 

It may be objected that the mercury particles 
would be reflected at K as well as re-evaporated, 


and that cooling would not affect the reflection. | 


But Langmuir—this is his novel point and the 
reason for his styling the pump a “ condensation 
pump ”’—says that metallic vapours are not re- 


flected from the walls they strike, and he sees in the | 
action of his pump (and in the failure under the| 


conditions mentioned) a proof of the correctness of 
his views. 


That there is very little reflection of mercury vapour 
from a mercury surface was observed already by 
Hertz in 1882; M. Knudsen recently confirmed 
this in his careful determinations of the evaporation 
of mercury in a high vacuum. R. W. Wood found, 





Some experiments with his first pump | 


(see previous article) further confirm this view. | 


| with the vessel to be exhausted. On the bottom 
| of the cylinder, which is covered with mercury D, 
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impinged upon a glass plate kept at a definite 
temperature, all the mercury was condensed on. the 
glass at the temperature of liquid air, but when 
the plate was at ordinary room temperature, all the 
mercury seemed to be reflected diffusely. Lang- 
muir* interprets this observation in a different way. 
He says that the mercury striking a surface is always 
condensed, and may be re-evaporated, but is not 
really reflected. From his researches on incan- 
descent lamps he concludes that the atoms or 
molecules of metals (tungsten, silver, copper, nickel, 
platinum, &c.) which are emitted by hot filaments 
are not reflected by the walls of the bulb, whilst there 
is a certain amount of reflection (large in the case 
of hydrogen) of atoms of permanent gases, especially 
by adsorbed films of their own. We will not enter 
further into these considerations on the present 
occasion, but proceed to a description of the con- 
densation pumps. 

Fig. 4 illustrates the new pump as built of glass. 


Fig. 5. 
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Mercury is kept quietly boiling in the flask A, whose 
long neck B is lagged with a thermal insulator H and 
ends in the nozzle L. Connection with the vessel 
to be exhausted is established through the tube R, 
(which is encased in the vapour trap G), and the 
tube F, which leads to the annular space E, where 
the mercury-vapour blast from L and the gas meet ; 
C is the outer wall of E and is cooled by the jacket J, 
the upper outlet of the water at K being above the 
mouth of L. The condensed mercury flows down 
into the condenser D and through M back into the 
flask A; at N the rough pump is joined to the 
apparatus. In some of the pumps constructed the 
diameters of B and nozzle L were only } in., in 
others up to 1} in. ; the smallest pump had a total 
length of 4in. only. With the size of the pump the 
speed of exhaustion increases. The temperature is 
so regulated (heating by gas or electricity) that the 


| neck of B inside the insulation H keeps at 100 or 
|120 deg. C.; 


there is no critical temperature, 
however, as with the Gaede pump, and the speed 
of the exhaustion is, within limits, little influenced 
by the temperature ; but the back pressure on the 
exhaust side of the pump at N, against which the 
pump may be operated—i.e., the pressure in the 
“rough” pump, in series with which the pump 
works—depends upon the velocity and amount of 
mercury vapour issuing through the nozzle L. 

The pump, Fig. 5, built of metal, is at least as 
simple as the glass pump. The metal cylinder A 
is connected at N with the rough pump and at R 


* Physical Review, August, 1916, vol. viii, p. 149 to 
177. 
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rests the funnel-shaped tube B, over the mouth 


of which is suspended, from the top of the cylinder A, 
the inverted cup C. The mercury vapour passes 
up B, is deflected by the cup C and, passing down- 
ward, is condensed on the inner walls of A, which are 
water-cooled by the coil J. The air comes down 
through R into the space E between C and A, and 
is removed through N; the condensed mercury 
returns into D through ports near the junction of 
Band A. A pump of this type, electrically heated 
as indicated, with a funnel B, 3 cm. in diameter, 
and a cylinder A, 7 cm. in diameter, gave a speed 
of exhaustion of about 3,000 cub. cm. per second, 
operating against an exhaust pressure of from 200 to 
600 bars (dynes per square centimetre), consuming 
from 100 to 500 watts. With the smallest of these 
pumps, having diameters of B and A of 0.6 and 2 cm., 
the speed of exhaustion was 200 cub. em. 

As in the case of the Gaede diffusion pump, there is 
no lower limit of the exhaustion obtainable. A 
limit would be introduced by the diffusion of gas 
back from the exhaust side at N, against the mercury 
blast. But the blast of mercury vapour, Langmuir 
points out, is moving with a velocity as great 
at least as the average molecular velocity, so that 
there is little danger of leakage back; if it should 
occur, however, the pressure in the blast, or the 
distance against which the gas must pass back 
through the blast, can easily be increased. Under 
normal working conditions back-diffusion is said to 
be negligible. The condensation pump shares with 
other mercury pumps the inability, however, of 
removing mercury vapour from the gas to be 
exhausted. But the mercury-vapour pressure is 
only two bars at the ordinary room temperature, 
and by surrounding the gas trap G, in Fig. 4, with a 
freezing mixture (solid carbon dioxide or liquid air, 
e.g.), this vapour pressure can be further reduced. 

ing use of a new vacuum gauge, devised by 
Dr. A. W. Hull, of the same research laboratory, 
Dr. Langmuir has measured exhaustions down to 
10—5 bar by means of his condensation pumps; and 
he hopes to carry the exhaustion further by the use 
of liquid air. This cooling also decreases the rate 
at which gases adsorbed by the walls of the vessels 
escape, and thus helps to improve the exhaustion. 

One feature calls for special notice. The tube R 
connecting the vessel to be exhausted with the 
pump should, in the new pumps as in all high-speed 
vacuum pumps, be of ample diameter. Otherwise 
the flow of the gas through the tube meets with 
increasing resistance as the exhaustion advances. 
According to Knudsen, who investigated this 
problem in 1909 (Annalen der Physik, vol. xxviii, 
page 76), both theoretically and experimentally, 
the quantity of gas q flowing through a tube under 
the pressure gradient p,—p, is given by 
q = (P. — P;)/W./p, where p is the density of the 
gas and W the resistance; this resistance becomes 
very great when the mean free path of the molecules 
is large compared to the diameter of the tube, 
and is proportional to the length and inversely 
proportional to the cube of the diameter of the 
tube ; the formula also applies to the flow through 
small orifices. Thus at very low pressures only 
0.001213 cub. cm. of gas would flow per second 
through a tube 1 cm. in diameter, 10 cm. long, 
which at ordinary pressure would allow 13.6 cub. cm. 
to pass. For high-speed evacuation (4,000 cub. cm, 
per second) a tube 30 cm. long should be at least 
4.5 cm. in diameter. This feature was accentuated 
by Gaede when he introduced his molecular pump, 
and it will be noticed in Fig. 5 that the connection R 
of the condensation pump is very wide. From 
electrical analogy Langmuir proposes the term 
“impedance ” for the product W ,/p. 





THE LATE MR. JAMES STIRLING. 

As announced on page 55 ante, Mr. James Stirling, 
who was for 20 years locomotive engineer to the 
South-Eastern Railway Company, died on the 
12th inst., at his residence, Doon, Ashford, at the 
age of 81. Mr. Stirling was born in Ayrshire, and 


was the youngest son of the late Dr. Stirling, of 
Galston parish church. He served his apprentice- 
ship with Messrs. Sharp, Stewart and Co., of Man- 
chester, and subsequently assisted his brother, Mr. 





Patrick Stirling, who was at the time locomotive 
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superintendent of the Glasgow and South-Western 
Railway, at Kilmarnock. Later, in 1866, he suc- 
ceeded his brother in that position on the latter’s 
appointment as locomotive engineer to the Great 
Northern Railway. 

During Mr. James Stirling’s period of service at 
Kilmarnock many improvements were carried out 
in the engines, carriages and wagons; one which 
afforded him great satisfaction was the introduction, 
in the year 1868, of cushions in the third-class 
vehicles. In those comparatively early days the 
journey between Glasgow and London was a very 
tedious one, and as the Settle and Carlisle Railway 
was not then opened, the only means of communica- 
tion was by a “through” carriage, which joined 
the London and North-Western Railway at Carlisle. 
Mr. Stirling also introduced steam reversing gear 
on the engines of the Glasgow and South-Western 
Railway, a device which was greatly appreciated 
by the engine drivers. He was the first engineer 
to introduce in locomotive construction a design 
which included a leading bogie, four coupled wheels 
7 ft. in diameter, and inside cylinders 18 in. in 
diameter with the valves between them. This 
type of engine was for many years a standard 
design for express passenger work in Great Britain, 
No. 6 being the first engine to this design. 

Mr. Stirling was appointed locomotive engineer 
to the South-Eastern Railway, in succession to 
Mr. Cudworth, in 1878, and remained with that 
company until the end of 1898, when the amalgama- 
tion of the South-Eastern with the London, Chatham 
and Dover Railway took place; he then retired 
from active service. During the period he was on 
the South-Eastern Railway many improvements in 
the locomotive power on the railway were introduced 
by him; he also introduced the steam reversing 
gear which proved so successful on the Glasgow and 
South-Western Railway, with the result that nearly 
all the 700 engines on the South-Eastern and 
Chatham Railway are now fitted with that appliance. 
The company’s locomotive construction shops were 
much extended, and the engines on the South- 
Eastern Railway system were increased in size and 
equipment to meet the growing demands of the traffic. 

While Mr. Stirling did not take any very active 
part in the general affairs of the town of Ashford, 
he was a magistrate, and was regularly seen on the 
Ashford Bench. He was also a commissioner of 
taxes. When in Kilmarnock Mr. Stirling was 
hon. secretary to the Scotch Locomotive Railway 
Engineers’ Association, and on his removal to 
Ashford, on the formation of the Association of 
Locomotive Engineers of Great Britain and Ireland, 
he was appointed hon. secretary of the latter body, 
a position which he filled with much satisfaction 
to the members, and only vacated when he retired 
from the South-Eastern Railway. As stated in our 
paragraph above referred to, Mr. Stirling was elected 
a member of the Institution of Mechanical Engi- 
neers in 1880, and of the Institution of Civil 
Engineers in 1886. 





NOTES. 
LUMINESCENCE MEASUREMENTS. 

QUANTITATIVE determination of the faint lumin- 
escence which is called fiuorescence when it lasts 
only as long as the excitation, and phosphorescence 
when it persists after the excitation has been stopped, 
is very desirable scientifically, and has recently 
become of practical interest owing to the increasing 
use of self-luminous preparations containing radio- 
active excitants. Most photometric arrangements 
are unsuitable for the purpose, because the lumin- 
escence is faint and the area emitting the light 
small. We described the neat arrangement used 
at the National Physical Laboratory. for testing 
luminous dials the other day in connection with 
our notice of the Optical Society’s Exhibition, and 
we find in the Journal of the Washington Academy 
of Sciences, of January 4, 1917, a description, by 
Mr. N. E. Dorsey, of the apparatus in use at the 
United States Bureau of Standards. The apparatus 
consists of a photometer box, 2 or 3 m. in length, 
25 or 30 cm. square, painted black inside, within 
which a small carriage supporting a small lamp 
(1.5 or 2 candles) runs centrally; the carriage is 
pulled by a cord, and its position is read off on a steel 
tape moving with the carriage. The front end of 





the box is closed by a screen of opal glass, 2 or 3 cm. 
square, which is backed by a colour filter, so chosen 
as to make the transmitted light match the lumin- 
escence. Movable black diaphragms in the box 
guard against any undesirable light reflections. 
The luminous material to be tested is either applied 
to a card or is placed in a small thin-walled glass 
tube which is painted black over two-thirds of its 
outer circumference. The card or tube is placed 
against the screen, the unpainted part of the tube 
facing the observer, and the tube is then turned so 
as to reduce the visible dark edge on one side to the 
smallest amount consistent with screening the opal 
glass; the observer's line of sight should be normal 
to the screen. The carriage is then moved until 
the tube disappears on the screen. If the lamp be 
then at 70.5 cm. from the screen, and the surface 
brightness of the screen be 3.96 microlamberts, the 
specimen will have a surface brightness of 3.96 x 
1.38/0.7052= 11 microlamberts, 1 microlambert 
being the brightness of a perfectly diffusing and 
completely reflecting white surface when _ illu- 
minated by a source of unit candle-power at a 
distance of 10 m. The factor 1.38 in the calculation 
is the candle-power of the tungsten lamp used, when 
burning at the colour of a 4-watt carbon lamp, in the 
direction of the length of the photometer. As in 
all photometric measurements, the eye should be in 
a sensitive state, to ensure which the observer should, 
in these delicate tests, have remained in complete 
darkness for at least 15 minutes. The material must 
be protected from all external light for several hours 
before the test. Another error especially to be 
guarded against is the Purkinje effect. This effect 
concerns the influence of colour on our judgment of 
brightness. Two adjoining luminous surfaces which 
appear of equal brightness when seen at a certain 
distance will no longer appear to be equally bright 
when viewed from a different distance, and this 
effect is very pronounced at low intensity. When 
there is practically no colour sensation at low 
intensity, the colour match should be made by 
spectroscopic examination. When the luminescence 
consists of a number of narrow bands scattered 
over the visible spectrum, the Purkinje effect makes 
an exact colour match very difficult. For cases in 
which there is only one broad band, this photometer 
can be improved by the addition of a phosphoro- 
scope and a constant source of illumination. 


SCHEMES FOR APPRENTICESHIP EDUCATION. 


We are glad to note an increasing consensus of 
opinion in favour of some scheme whereby appren- 
tices will be able to attend part-day classes on two 
or more days per week while serving their “ time,” 
provided they prove worthy of the privilege. This 
was one of the proposals put forward by Sir Trevor 
Dawson in his address to the Association of 
Technical Institutions, and dealt with in our issue 
of October 27 last (page 414). This, too, was the 
dominant note in the paper on the education of 
apprentices to engineering and allied trades read on 
the 24th inst. at the Liverpool Engineering Society 
by Mr. Tom R. Thomas, B.Sc. He contended for 
compulsory classes for apprentices. An interesting 
feature was the narration of details and schemes 
of this nature by the prominent engineering firms. 
At the Walker shipyard of Messrs. Armstrong, 
Whitworth and Co. apprentices are encouraged 
during the term of their apprenticeship to attend 
classes which are held at the works on two after- 
noons each week. For proficiency and successful 
results in the examinations held periodically the 
apprentice is awarded a bonus ranging from 2d. 
to 6d. per week, according to results. This increase 
may be obtained each year of attending the classes. 
The instruction is given in the works and during 
working hours, and the school consists of two class- 
rooms, one of which is fitted up for practical and 
laboratory work. All fixtures have been supplied 
by the firm, but the furnishings and apparatus are 
supplied by the Newcastle Education Committee. 
The classes run for 40 weeks in the vear, and the 
hours of instruction are from 2 o'clock to 5 o'clock. 
This is divided into two portions of 14 hours each. 
In reports issued on the work done, it is stated that, 
“on the whole, the classes are doing satisfactory 
work.” The numbers in attendance when the classes 
were started in September, 1915, were 36 first-year 
and 31 second-year students. The greatest diffi- 





culty is to persuade the boys to take up the classes. 
In the firm of Messrs. Vickers, Limited, Barrow-in- 
Furness and Erith, an examination is held, upon the 
results of which apprentices are admitted to the 
works. At the Erith works this examination is 
of a fairly advanced character, including English, 
mathematics, physics, mechanics, descriptive geo- 
metry and machine drawing, the minimum require- 
ment being the equivalent of the second-year course 
in engineering science at the Erith Technical 
Institute. All the apprentices are under the super- 
vision of a superintendent of apprentices, who is 
responsible for their theoretical and practical 
training. Diligent students receive permission to 
attend afternoon classes during the winter session 
in the last two years of their apprenticeship, the 
time being counted as time worked with pay. A 
mechanical instructor devotes his whole time to 
assisting the apprentices in the various shop courses. 
Extra pay is awarded on the results. Messrs. 
Harland and Wolff, of Belfast, permit apprentices 
to attend day classes for one whole day during the 
week, provided that the apprentice is regular in his 
attendance both at the classes and at work. Several 
firms allow their apprentices to “sandwich” a 
college day course with their apprenticeship, and 
offer several other inducements to their apprentices 
to attend the ordinary evening classes. In the case 
of Messrs. Cammell Laird and Company, when the 
student thas reached a certain stage, at which he 
is capable of attending a technical course, he is 
allowed to enrol under a bonus scheme. He attends 
the usual courses in subjects suited to his particular 
trade, and receives an addition to his wages of 
either 1s. or 2s. per week, according to the results 
he has obtained in his examination and to the 
reports of the education authorities. This has 
proved a considerable inducement, and there is a 
great deal of keenness shown among the apprentices 
to earn this addition to their pay. 








TRADING WITH THE ENEMY Act.—The Controller of 
the Foreign Trade Department has sent us a copy of a 
new list of additions to the Statutory List of firms of 
enemy nationality or enemy association with whom 
persons in the United Kingdom are forbidden to trade. 
Copies of this list can be obtained at a trifling cost from 
the Superintendent of Publications, H.M. Stationery 
Office, Imperial-house, Kingsway, W.C. 

MaGNneEtos.—When war broke out there was only one 
British firm making magnetos, its output being under 
100 a week. Practically every magneto which went on 
to the motor vehicles, motor boats and aircraft of Great 
Britain came from Germany or from America. To-day 
there are some twelve or more British firms making 
magnetos. Their entire output, reaching a total to 
date of over 165,000 magnetos, has been made for war 
purposes, the magnetos being used on aeroplanes, sea- 
planes, airships, motor lorries, motor ambulances, motor 
cycles, “‘ tanks,’ big-gun tractors, motor boats, wireless 
sets, searchlight sets, lighting sets, &c. 





“Tue Royat Navy List, or WHo’s WHO IN THE 
Navy.”—This publication, by Messrs. Witherby and 
Co., 326, High Holborn, London, issued at the price of 
10s. net, should be particularly acceptable at the present 
time, when the deeds of our brave seamen appeal with 
so much fascination to the intelligent reader, because 
there is given a bibliographical sketch of all officers in the 
service, as well as a record of the war service of all and 
of awards due to valour. There is reproduced, too, a 
diary of the events of the war so far as the Navy is 
concerned, with a copy of Admiral Jellicoe’s despatch 
on the Battle of Jutland. The life story of every ship 
of the Navy is given, so that it will be seen that a really 
intelligent study of the war is advanced by the possession 
of a copy of this work. 


“*Jane’s Ficutine Suirs, 1916.’’—This encyclopedia 
of the navies of the world, now in its 19th year, has just 
been issued by Messrs. Sampson, Low, Marston and Co., 
Limited, at the price of 21s. net. This book has now a 
world reputation as a standard work, due to the 
originality, and extreme care to ensure accuracy, of its 
founder, Mr. Fred. T. Jane, who died since the last issue, 
and of whose career a brief notice very properly forms a 
feature of this year’s issue. In the previous volume all 
reference to the British Navy was prohibited, but this 
year the editor has been permitted to publish once again 
all the data with reference to the ships composing the 
British fleet before the outbreak of the war, but without 
the silhouettes or illustrations which have always formed 
a characteristic feature of the volume. In the case of all 
foreign navies, however, there are still given the fullest 
and latest data as to the characteristics of design of all 
ships, along with illustrations and silhouettes, but 
obviously particulars regarding ships of the belligerent 
fleets are necessarily incomplete. The charts of all 
naval harbours form a serviceable part of the book, 
while the record of all ships lost in the war will be found 
useful for reference. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the above Insti- 
tution was held on Friday last, the 19th inst., at 
the Institution of Civil Engineers, Great George- 
street, Westminster, the chair being occupied by 
the president, Dr. W. C. Unwin, F.R.S. 


ELECTION OF OFFICERS. 

The minutes of the previous meeting having 
been read, the announcement was made that, in 
accordance with article 23 of the Institution, the 
president, two vice-presidents and seven members 
of council would retire at the ensuing annual 
general meeting. The complete list of those retiring 
was as follows :—<As president, Dr. W. C. Unwin, 
F.R.S. ; as vice-presidents, Dr. Edward Hopkinson 
and Mr. Mark H. Robinson ; as members of council, 
Dr. Dugald Clerk, Sir A. Trevor Dawson, Sir Robt. A. 
Hadfield, Messrs. Geo. Hughes, Robert Matthews 
and D. B. Morison, and Sir Gerard A. Muntz, Bart. 
The following had been nominated by the council 
with their consent:—As president, Mr. Michael 
Longridge ; as vice-presidents, Dr. Dugald Clerk, 
Sir Robert A. Hadfield and Mr. Mark H. Robinson ; 
as members of council, Sir A. Trevor Dawson, 
Messrs. Geo. Hughes, Robert Matthews and D. B. 
Morison, and Sir Gerard A. Muntz, Bart. The 
following nominations had also been made by the 
council for election at the annual general meeting, 
with the consent of the nominees :—As members of 
Mr. 
Richard 


council, Mr. William Reavell, of Ipswich ; 
David E. Roberts, of Cardiff; and Mr. 
Williamson, of Workington. 

The secretary pointed out that the nominations 
were renominations, with the exception of three, 
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used was a Petzval lens (such as used for cinemato- 
graph work) of 3-in. focus, so that generally the 
screw was 3 in. away. The light directed upon the 
screw was a beam of absolutely parallel rays pro- 
duced by the introduction of a suitable lens between 
the source of light and the screw. These rays would 
fall upon the combination shown, and the effect of 
the large-diameter lens was to converge the light and 
give a primary convergence. The speaker after- 
wards used an ordinary astigmatic lens, of about 
6-in. focus. This would give a very rapid divergence 
of the rays, and would show, in a distance of 5 ft., 
a perfectly sharp image, as sharp as could be seen 
by the eye, therefore within easy reach over-an area 
of about 30 in. in diameter. This enabled several 
screw threads to be taken off, and a perfect gauge 
could be obtained and could be fitted and examined, 
so as to be corrected to a standard drawing upon the 
screen. The large lens in front of the astigmatic 
lens was used independently. He might be justified 
in explaining that it was used at the National 
Physical Laboratory, but had been used inde- 
pendently by the L.C.C. Paddington Institute, for 
low magnification over a considerable area or through 
a considerable length. With the two lenses together 
he was able to get the high magnification, with ex- 
tremely satisfactory results. Of course the question 
of focusing had to come in, and the necessity of 
getting a parallel beam of light, so that a really 
pure shadow was produced on the screen. 

The results described in the paper had been 
obtained by working this optical apparatus very 
closely in conjunction with a lapping device (Fig. 2). 
The difficulty with the lapping device, as with all 
mechanisms run at high speed, was that a knock was 
sure to be developed, and it was very difficult to get 
smooth running at the very high speeds required. 





and in connection with these three names he would 
state that Mr. W. Reavell, of Ipswich, had been 
a member of the Institution since 1907; Mr. D. E. 
Roberts, of Cardiff (frequently present at the 
meetings), was elected in 1903; Mr. Richard 
Williamson, of Workington, was elected in 1883. 
Mr. Williamson was the donor of 5001. for research, 
as had been previously announced to members. 
He and his brother were shipbuilders at Working- 
ton, and together they had given 1,000/. for 
research, the 500/. given by Mr. Richard Williamson 
being for research to be carried out by the Institu- 
tion of Mechanical Engineers. 

As no member availed himself of the privilege, 
under by-law 26, of adding to the list of nominations, 
the president declared the list given above to be 
the list of nominations for election at the next 
annual general meeting. 

The secretary further announced that the council 
had, at the council meeting held that afternoon, 
made seven transferences from the class of associate 
member to that of full member. 


MANUFACTURE OF GAUGES. 


The paper set down for reading and discussion 
was one entitled “The Manufacture of Gauges at 
the L.C.C. Paddington Technical Institute.” the 
authors being Messrs. A. G. Cooke, M.A., W. J. Gow 
A-R.C.S., and W. G. Tunnicliffe, the latter an 
associate member. The paper, which we publish 
in full elsewhere in our present issue, was read, in 
substance, by Mr. A. G. Cooke. 

Mr. Cooke, at the close of his summary, directed 
the attention of members to a drawing (Fig. 1, 
annexed) showing diagrammatically the fairly satis- 
factory arrangement devised to overcome the 
difficulties attendant upon projection. The arrange- 
inent was, he said, really equivalent to a micro- 
scope with an object glass and an eyepiece. Great 
improvement had been effected by the use of a lens 


of considerabl r diameter than t igi 
pie y large meter than that originally 
lenses could be adapted exceedingly well. The lens 


He might explain that ordinary trade | 

















Fig.2 


He had introduced a simple arrangement, with 
which was obtained a direct drive upon the axle 
of the motor itself, so that no machinery or anything 
disconnected could cause knocking. The drive 
\forwards and backwards could be made, through 
any prescribed distance, with great precision by the 
simple device of reversing the switch by the motor 
itself. The motor ran sparklessly, and acted as 
an electrical brake to pull itself up almost precisely 
as a piston was pulled up in a cylinder by com- 
pression. The arrangement was simply that a 
secondary shaft was introduced, which was geared 
_down, and two free wheels (the ordinary free-wheel 
mechanism of a bicycle) were used in opposite 
directions, these being connected up with two other 
shafts, linked together in the same way. It would 
be seen that whichever way the motor shaft was 
going, backwards or forwards, the other shaft 
would continue to go stéadily forwards. In other 
words, the device was a mechanical rectifier ; 
whether driven through one free wheel or the other 
the rotation would go forward uniformly. The 
last shaft drove a commutator of suitable design. 
| This commutated the armature of the motor, so 
producing a machine which would run rapidly 
backwards and forwards. He could, in a few 
moments, make the backward and forward motion 
|in any number of revolutions, simply by altering 
the pinions. 

The President, in proposing a vote of thanks 
to the authors, observed that the subject of the 


| 
| 
' 
| 
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paper was one of the greatest importance at the 
present moment. The production of gauges had 
been a very difficult matter to tackle, and he feared 
that the difficulties incidental to getting the gauges 
of the accuracy required were not yet at an end. 

Mr. E. M. Eden, of the National Physical Labora- 
tory, then exhibited a series of interesting slides 
illustrating work done at the Laboratory. As it 
would be quite impracticable to reproduce the very 
numerous slides shown, we content ourselves with 
extracting from Mr. Eden’s explanatory remarks the 
following general observations. Mr. Eden desired, 
in the first place, to congratulate the authors of the 
paper, which recorded an excellent piece of work 
done under great difficulties. The method of 
altering the change wheels in a lathe in order to 
correct a very small error in the pitch of the leading 
screw was of great interest. He was unaware of any 
application of that method at the National Physical 
Laboratory. It might be interesting to members 
if he showed some of the measuring machines and 
methods in use at the National Physical Laboratory, 
and, in that relation he might say a word or two as 
to the policy of the gauge-measuring staff at the 
National Physical Laboratory. In measuring large 
quantities of gauges the simple method was to 
place those considered to be right in one lot and 
those regarded as wrong in another. Unfortunately, 
that did not meet the case of the difficult gauges, 
particularly screw gauges. A manufacturer desired 
to know more than the mere statement that the 
screw was too rough, as that would not assist his 
endeavour to improve his gauges. It had been the 
practice, in the case of difficult gauges, to measure 
every gauge, with all its elements. This course 
introduced such a large amount of work as to 
necessitate improved and more rapid methods of 
measuring, equally as valuable to the manufacturer 
as to the Laboratory. It had also been the practice 
at the Laboratory to do such work and, at the same 
time, to assist the manufacturers as far as possible. 
The latter were welcome visitors at the National 
Physical Laboratory, and the methods in use were 
explained to them, while the various machines and 
apparatus were freely offered to them for use in any 
way they chose, together with drawings and such 
other assistance as it was possible to render. 

With regard to pitch errors in the leading 
screws of lathes, the Laboratory had, in the early 
days, set out to assist the manufacturers in getting 
their leading screws correct. A manufacturer wish- 
ing to get a good screw would cut trial screws 
on the lathe and send these to the Laboratory, 
which would issue reports on their accuracy or 
otherwise and suggest methods of improving the 
lathes and getting over the errors. That, also, 
was done at the Paddington Institute, Figs. 2.and 3 
in the paper being illustrations in point. The curves 
were taken from National Physical Laboratory 
reports (the first in November, 1915) on certain 
screws from Paddington which had the errors 
indicated. The second diagram was taken from a 
National Physical Laboratory report of April 4, 1916, 
the great improvement as between the two being 
caused by the introduction of the methods of 
correction described, in regard to the progressive 
error, and, in respect to the periodic error, by the 
ball thrust bearing, the standard method recom- 
mended by the Laboratory. The arrangement for 
effective diameter measurement, shown by Fig. 4 of 
the paper, was introduced in the autumn of 1915, for 
measuring core and effective diameters of screws. 
The older method had been found too slow and 
greatly more difficult. 

The speaker then threw various diagrams on 
to the screen to indicate the supersession of the 
older by more modern methods of measurement, 
such, among others, as the abandonment of the 
“ three-needle ” micrometer in favour of the “ two- 
needle” type. He also called attention to the 
accuracy of the Brown and Sharpe micrometer, 
and referred, in the case of a particular instrument, 
to the Laboratory practice of making the necessary 
corrections beforehand, by setting up against a 
standard. In another instance the method of 





projection in use at the Laboratory was illustrated, 
the speaker taking occasion to remark that many 
people had considered it very difficult, if not 
impossible, to project the image of a screw, in 
the way indicated, with any degree of accuracy 






























































































































































































































































































































































































































































86 
on account of distortion. A difficulty in the case 
of optical projection was in the selection of the 
right lens to use. For certain purposes the best lens 
he had met with was the Dallmeyer portrait type 
of lens. 

Mr. W. H. Booth remarked that the subject of 
the paper was of extreme interest and was one which 
should have been dealt with 20 or 30 years ago. 
He had also found it interesting to observe how 
men who knew nothing about gauges, flat or screw, 
had risen to the occasion during the past two years. 
The technical institutions in London had also done 
exceedingly well, to which fact the paper under 
discussion bore witness. Much of the work that 
had been done should, however, have been un- 
necessary. No man could make a screw gauge 
accurately unless he had an accurate leading screw. 
At the National Physical Laboratory a large leading 
screw, made for a special purpose, was corrected for 
inequalities until its degree of accuracy fulfilled 
that purpose. Every manufacturer of machines 
requiring leading screws should have in his possession 
a leading screw which was accurate. Had such 
methods been adopted 20 years ago, this country 
would not have been assailed in the way that 
it had been, and would have been better 
prepared to meet the necessities of accurate 
mechanical construction than was the case when 
the war began. 

Mr. P. A. Bentley inquired whether there was 
any secret in regard to the lap used. [In reply, 
he was informed that there was no secret in the 
matter. Everything depended upon the part of 
the gauge which required lapping, whether effective 
diameter or core diameter, &c.] Mr. Bentley con- 
tinued with the remark that there must be other 
methods of carrying out the lapping in which the 
operation would be under supervision during the 
whole of the timé, and also under measuring super- 
vision. From what he knew of screw-gauge lapping, 
the work was all done on the same process, which he 
did not regard as a satisfactory process ; the object 
might be achieved, but he thought there were 
better methods to be adopted. 

Mr. H. Ade Clark observed that he could only 
speak on questions of principle and practice in 
relation to cylindrical gauges, both the plug gauge 
and the ring gauge; whereas the paper was almost 
confined to consideration of the screw gauge. He 
desired, however, to submit two little developments 
which he had carried out to facilitate measurement 
during manufacture. When a man was turning, 
grinding and perhaps lapping an ordinary cylindrical 
gauge, he would, if allowed, constantly use a 
micrometer, damaging the latter, both on the table 
and in the screw, so that it became necessary to 
treat it simply as an auxiliary measuring appliance, 
checking the work very closely later on. Speaking 
more particularly of the manufacture of ring gauges, 
where it was difficult to use a micrometer for direct 
measurement, the difficulty had been avoided by 
using the instrument referred to, which con- 
stituted an indicator rather than a measurer. A 
micrometer was set up in a stand to the dimensions 
required in, say, a ring gauge, and then, by gauging 
between the micrometer points by a small indi- 
cator having a pair of ball points, and trans- 
ferring this indicator tu the work, it was possible 
to observe whether the indications given by the 
appliance in the two cases were in agreement. In 
*that way, it was practicable to lead up as near 
to the required dimensions as the appliance would 
indicate. Recently the works had made 25 cylin- 
drical gauges about 2 in. in diameter and 2 in. 
long. That involved a good deal of careful work, 
and it might be thought that standard plugs 
would have been necessary for checking the gauges ; 
not a single plug, however, had been made for 
that purpose. The gauging was done entirely with 
the little sliding indicator described, a simple 
shop-made instrument. He hoped to submit a 
drawing of this instrument to the Institution. 
In the case of the 25 gauges mentioned, three had 
been returned from the National Physical Labora- 
tory for readjustment; they were merely a little 
too small; that evidenced the satisfactory character 
of the method. 

Dr. Garnett, who spoke next, said that he, like 





others, had been much interested in observing how 
the unskilled worker had risen to the occasion in the 
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matter of accurate work, not only to the first, 


but to the second, and even the third, order of 
“small quantities.” With regard to institutions, he 
believed that more than 100,000 gauges had been 
made in educational establishments in England 
alone during the last 18 months. He desired to 
ask Mr. Cooke whether, in the apparatus for 
measuring the pitch of screws, it would not be better 
to have the bar to which the clamps were attached 
of a rectangular form—say, 2} in. deep and } in. 
wide—-instead of circular. It appeared to him that 
the setting on the circular bar was apt to givea 
slight cant to the clamp, so putting a strain upon 
the sliding bar, and involving unnecessary friction ; 
the latter could be prevented if the clamps were 
fixed upon a rectangular bar of considerable depth. 
He expressed himself as greatly pleased with the 
apparatus for producing the reversing motion of 
the motor for lapping the screw threads. At first 
sight, the use of an electric motor making half-a- 
dozen turns in one direction and then half-a-dozen 
turns in another, quite automatically, while the 
commutator was running in the same direction, 
seemed rather puzzling. He rather wondered 
whether the lapping arrangement would produce 
an accurate thread when the periodic error was an 
exact turn of the thread, or when the periodic errors 
appeared for an integral number of times in one 
direction. It appeared to the speaker that possibly 
in this case the lapping arrangement would simply 
follow the thread. Taking the case given by 
Mr. Cooke, in which a screw of 14 threads to the 
inch was cut from a leading screw with 4 threads 
to the inch, any periodic error in the leading screw 
would be repeated every 3} threads upon the screw 
being cut. There would, therefore, be errors on 
opposite sides of the cylinder alternately. The lap, 
gripping, as it did, some half-a-dozen threads, 
tended to produce a screw which would be the mean 
of all the threads, and when the errors were 
alternately in one direction and the other, the mean 
would be the accurate thread. But when all the 
errors were in the same generating line, in the same 
direction upon each thread, it seemed to him that 
the lap might follow the errors, and not give any 
considerable increase in the accuracy of the thread. 
Turning to another point, the authors, in discussing 
the nature of manufacture, had observed: ‘“ Hence 
the apparent paradox that high accuracy in the 
inspection gauges allows more laxity, and so 
increases facility and speed of manufacture.” The 
speaker had difficulty in understanding how high 
accuracy in the inspector’s gauge permitted greater 
freedom in the manufacture of the article. He 
supposed that, inasmuch as the tolerance of an 
inspector’s gauge was always outwards, plus on 
the H and minus on the L, the high accuracy 
indicated by Mr. Cooke depended upon the assurance 
that that tolerance should always be outwards. 

Mr. A. G. Cooke then replied to that part of the 
discussion which concerned him. He desired, in 
the first place, to refer to the apparent paradox 
commented upon by Dr. Garnett. He had not 
intended to convey the meaning suggested by Dr. 
Garnett. If we could obtain a supply of gauges 
rapidly and in sufficient quantities with a tolerance 
reduced to one ten-thousandth instead of three ten- 
thousandths, it would then be possible to leave a 
wider margin in the limits which the gauges had to 
define. There would be a good deal more margin left 
to the manufacturer, who had to work within those 
limits. With regard to lapping on an integral number 
of turns, the speaker’s idea had been to get high 
speed, so that to some extent inertia would come in. 
The motor was now working at 300, 400, and as high 
as 500 r.p.m., backwards and forwards, but he 
hoped to increase this speed by improved methods 
of construction. It seemed natural that high speed 
should be wanted, and also that the period should 
be short. Certainly it would be better if the 
relation between the number of screw threads on the 
gauge and that on the leading screw were not in 
simple proportion. It was not altogether well to 
cut the screw thread to, say, 24 to the inch when 
the number on the leading screw was 12; it would 
be better to have a leading screw with 14, because 
the periods would not be likely to agree with those 
of the threads In regard to the question of super- 
vision, the speaker did not think he had made it 
clear that the part of the work which he regarded 
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as most successful was the operation of lapping in 


conjunction with high-power enlargement by 
optical projection. As he had said, it had been 
possible to get 163 magnifications right alongside, 
and the projection took place at a range of only 5 ft. 
away, a very different thing to working across a 
room; great pains also were taken to reduce this 
distance. The gauge was simply put in a chuck, 
and was lifted out and dropped into the bearing in 
a moment, so that the shape was projected on the 
screen. Three laps were used, one for the crests, 
one for the sides and another for the core. More- 
over, there was control by direct measurement of 
the diameter, so that the supervision, when lapping 
down, was really close, especially as to shape. 
Referring to Mr. Booth’s allusion to the accuracy of 
leading screws, the method employed by the speaker 
overcame a great many difficulties in the hardening 
of the screw gauge. With a precision lathe the 
screw could be cut with absolute correctness, but 
with hardening (unless there were methods in use 
which were a great improvement on any known to 
the speaker) distortions were bound to occur. 
Lapping, which worked equally well with the 
hardened gauge, was a process which ought certainly 
to receive a good deal of consideration. It was all 
very well to construct a perfect screw thread in the 
cutting, but what would take place during hardening ? 
He had hoped that this matter would have been 
mentioned in the discussion. Mr. Eden had con- 
tributed much to the discussion, but while desirous 
of giving credit to the National Physical Laboratory 
for all that they had done, he (the speaker) would 
have been glad if Mr. Eden had taken some notice 
of the method of projection with the double mag- 
nification. The introduction of the extra large 
lens had enabled the speaker to cover a very much 
wider field. The speaker had largely imitated a 
microscope, to get the equivalent of a lens of about 
}-in. focus, and yet be able so to place the screw 
gauges, of fairly large diameter, so that they would 
be a few inches away. With a Dallmeyer cinema 
portrait lens as objective, and a wide angle com- 
bination as eye-piece (Fig. 1), high magnification 
with critical definition was secured without long- 
distance projection. Reduction of diffraction, 
freedom from vibration, and general convenience 
demanded a short distance of screen. The eyepiece 
combination, he explained, was used independently, 
as at the National Physical Laboratory, for con- 
siderable lengths of gauge (particularly flat gauges 
up to about 2 in.) placed close behind the larger lens. 
As he had said, with parallel light operators were 
limited to the actual diameter of the lens; the 
light not converging in any way, it was only possible 
to use an area equal to that of the lens itself. This 
provided an effective and very good system, with 
high magnification. In this way as fine a line as 
could be seen by the eye could, with care, be 
obtained. A skilled man could, of course, work 
with 50 magnifications, but naturally preferred a 
bigger object. A ten-thousandth of an inch was equiv- 
alent to a sixty-fourth on the screen, and it was 
much easier to be sure when working to that than 
when the magnitude was two-hundredths of an inch. 

Mr. W. G. Tunnicliffe replied to the questions 
raised as to lapping. There might, he admitted, 
be other ways of cutting a screw gauge when the 
steel was soft. In that case the speaker would 
employ a tool specially formed for cutting correctly 
the core diameter and effective diameter. When, 
however, a hardened screw gauge had to be dealt 
with difficulties arose. The effective diameter 
would probably come up in size, while the pitch 
would probably, in fact, generally did, lengthen. 
The core diameter might come up by a small amount 
or might not exceed limits. It might be necessary 
to lap two or three ten-thousandths of an inch off 
an effective diameter and one ten-thousandth off 
a core diameter, in the case of a hardened screw 
gauge. At the Paddington Institute they were en- 
gaged on the very difficult task of lapping hardened 
screw gauges, a task particularly troublesome in 
the case of standard gauges, where the maximum 
limit was three ten-thousandths of an inch. He did 
not think there was any difficulty in lapping plain 
cylinders, especially if ground after being hardened. 
In such cases he generally used a copper or a lead 
lap. A lead lap held more abrasive than a copper lap. 

Mr. W. J. Gow said that the remarks made by 
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Mr. Eden might give an impression that the correc- 
tion of periodic error in the lathe referred to in the 
paper was due to the application of the ball bearing 
at the end of the leading screw. As a matter of 
fact, however, trial screws, cut before and after 
the application of the ball, showed exactly the same 
amount of periodic error. The cause finally 
proved for the periodic error was that referred to 
in section (3) of the paper. After a new leading screw 
had been produced, it was discovered that there was 
a certain amount of whirling of the leading screw, 
which was attributed to lack of straightness or stiff- 
ness, causing oscillations at the point of contact of the 
nut. After the introduction of a stiff shaft, on which 
was mounted the leading screw cut on a milling 
machine, a periodic error within limits was obtained. 
On the question of hardening of gauges, it had been 
suggested that while the result of hardening was to 
increase the pitch by, say, eight ten-thousandths 





of an inch, as an extreme value, it was easy to allow 
for that by cutting a screw which was short in pitch by 
this amount, and, provided the same heat treatment 
was applied to it as had been applied to the trial | 
screw, a hardened gauge of the correct pitch would, | 
in the end, be obtainedl. The problem was not quite | 
so simple. He had found that, in hardening screw | 
gauges, the diameter at one part of the screw might | 
prove to be very much greater than at another 
part, while in some cases the size would go down. 
Mr. Tunnicliffe had recently carried out some 
interesting experiments in the case of an ordinary 
screw gauge, with a handle at one end approxi- 
mately half the size of the screw; the other end, 
of the screw was plain. Without taking any special | 
precautions, it was found that the threads at the! 
ends of the gauge were larger in diameter after 
hardening and the diameter at the centre of the 
gauge was smaller. In one gauge the diameter 
of the screw at the plain end of the gauge increased | 
in size by ten thousandths of an inch, while the 
diameter of the screw next to the handle end 
increased in size by seven thousandths of an inch, 
the diameter of the centre of the screw diminishing 
by three thousandths. The conclusion arrived at 
was that the extra cooling surface supplied to the 
outside threads by the ends of the gauge caused a 
greater rate of cooling at the temperature of: re- 
calescence of the steel than was obtained near the 
centre of the gauge. Another gauge was, therefore, 
tested, the ends being covered up, so as to prevent 
contact with the cooling medium, and it was found 
that the diameters of the screw threads through the 
whole length of the gauge were perfectly constant. 
He could not give the reason for larger diameters at 
the end with contracted diameters at the centre, 
but, personally, he related it to the internal strains 
set up. His institute had produced many satis- 
factory hardened screw gauges, and although much 
remained to be done, he felt confident that if the 
order came to produce hardened gauges, the 
difficulties would be overcome. 

The president announced that the paper would | 
be read at Leeds on the 24th inst., and at Birmingham | 
on the 25th inst. Further, he intimated that the 
annual general meeting of the Institution and the 
election of officers would take place on February 
16 next. The proceedings were then closed. 











MacHINERY Users’ AssoctaTion.—Speaking at the 
annual general meeting of this association in London, 
on December 19, the president, Sir Algernon F. Firth, 
Bart., J.P., said that the influence of the association 
extended to upwards of 7,000 firms, embracing a con- 
siderable majority of the most important industrial 
undertakings in this country. The association dealt not 
only with questions affecting manufacturers locally, but 
aflecting them in Parliament also; it was thus of double 
value to its subscribers. He then gave a brief historical 
sketch of the association, and put forward a number of 
points illustrating the usefulness of the latter, especially 
at the present time of great industrial activity. 





ALMANACKS AND CALENDARS.—We have received from 
Messrs. E. T. White and Co., engineers, Windsor House, 
Kingsway, a desk pad, containing an almanack for the 
year, with space for notes.—Messrs. G. F. West and Co., 
Structural engineers, 13, Victoria-street, S.W., have sent 
us a glass paper-weight with which is combined a 
perpetual calendar; and Messrs. Stewarts and Lloyds, 
Limited, London, Birmingham and Glasgow, a very neat 
desk almanack.—Calendars and Almanacks have also 
come to hand from Mr. George Ellison, electrical engi- 
neer, Birmingham, London and other cities; irom 
Whitehead Aircraft, Richmond; and from the Submarine 
Signal Company, Friars House, New Broad-street, E.C. 


| of chief engineer to British Dyes, Limited. 


| they are freed of the invader. 
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BRIDGE. 


On the Physical Features of ‘‘ Adam’s Bridge’’ and the 
Currents across it, considered as affecting the Proposed 
Construction of a Railway connecting India with 
Ceylon.* 

By Francis Joun Warne, C.M.G., M.Inst.C.E. 


THE introductory paragraph refers to the importance, 
magnitude and difficulty of the work, and points out the 
circumstances in which its early commencement may 
perhaps be looked for. A brief description of Adam’s 
Bridge, in which reference is made to the islands at both 
ends in extension of it, and their ——- position, 
then follows, and it is pointed out that they suggest the 
only practicable route for the connection by land between 
Ceylon and India, and also divide the channel separating 
these countries into two parts. The southern part of 
this channel, which is of great depth, is briefly described, 
as well as the northern part, which is very shallow. 

It is then stated that the whole of the channel is subject 
to the monsoons, a brief reference to which and their 
effect in causing an alternating maximum difference of 
18 in. in the water-levels on the two sides of Adam’s 
Bridge, is then made. A more detailed description of 
Adam’s Bridge follows, in the course of which it is 
remarked that the channels between the sandbanks 
forming its crest are sometimes of great depth and the 
current through them is at times very rapid. It is further 
explained that none of these channels is navigable for 
vessels of any size, their approaches being closed by bars. 
Reference is made to the range of the tides. The narrow 
channels dividing the islands at each end of Adam’s 
Bridge, from India and Ceylon, are then described. 

Finally, the various proposals for constructing a 
railway between Indian and Ceylon are mentioned, 
illustrations of them and of the various surveys made 
of Adam’s Bridge being given ; and the paper concludes 
by stating certain possible objections to one of the latest 
schemes. 








PrersonaL.—Mr. 8. E. Bastow, who for the last four 
years has been joint manager of Messrs. Bruce Peebles 
and Co., Limited, Edinburgh, has accepted the position 
Mr. Bastow’s 
headquarters will be at Huddersfield. Mr. John H. 
Bunting, who for the last four years has been joint 
manager of Messrs. Bruce Peebles and Co., Limited, 
Edinburgh, has been appointed general manager of the 
company.—Mr. Charles Haswell, Sherbrooke Chambers, 
&, Norfolk-row, Sheffield, has been appointed the agent 
of Messrs. Crompton and Co., Limited, London and 
Chelmsford, for Sheffield and the surrounding district. 





AGRICULTURAL IMPLEMENTS FOR FRANCE.—A con- 
servative estimate has just been published showing the 
extent to which agricultural material will be needed in 
the Northern and North-Eastern regions of France when 
It is expected that they 
will require something like 35,000 ploughs, 52,000 
harrows, 28,000 rollers, 15,000 drills, 20,000 reapers and 
binders, 14,000 mowing machines, 7,000 hay-making 
machines, 7,000 horse rakes and 3,500 threshing machines. 
Thus the task of re-establishing agriculture in these 
districts will involve an enormous sum. The figures 
serve to illustrate the need for all the help which the 
Agricultural Relief of Allies Committee (16, Bedford- 
square, London, W.C.) can offer, especially as the 
Committee hope to give some assistance on behalf of 
British farmers in the restoration of agricultural activity 
in all the invaded countries of our Allies when the 
enemy is driven off. The committee therefore ask for 
the hearty co-operation of all agriculturists in fulfilling 
our obligations to the peasants of Belgium, Serbia, and 
Poland, as well as of France. 





Surerinc, ENGINEERING AND MAacHINERY ExXuHIBI- 
TION.—It will be remembered that a large International 
Shipping, Engineering and Machinery Exhibition was 
arranged to be held at “ Olympia “ in September and 
October, 1914, but the outbreak of the war necessitated 
its postponement until 1917. Owing to the continuance 
of the war and other causes, the company under whose 
auspices the exhibition was to have been held is now being 
wound up, but at a meeting of exhibitors held on the 
23rd inst., Sir Archibald Denny, Bart., in the chair, it 
was unanimously resolved to accept a pr gene of Mr. 
F. W. Bridges, one of the organisers 0’ the exhibition 
(who is well known as having been associated with the 
organisation of London engineering exhibitions during 
the past few years) to form a new company, for the purpose 
of carrying on the exhibition, the new concern to take 
over all contracts with exhibitors exactly as they stand 
at the present time, the exhibitors not being called 
upon for any further payments beyond the original 
amount contracted for. Mr. Bridges’ scheme also 
provides for the formation of an exhibitors’ committee 
of twelve, representing both British and Dutch exhibitors, 
to act with him as organiser. Dr. Bisschop, chairman 


THE PHYSICAL FEATURES OF ADAM’S COAL PRODUCTION IN CANADA IN 1916, 


THE Dominion Department of Mines has received from 


| the principal coal operators in Canada returns of their 


production for 10 months, supplemented in most cases 
with estimates for November and December. On the 
basis of the record available, it is estimated that the total 
production of coal in Canada during the calendar year 
1916 will approximate 14,365,000 short tons (equivalent 
to 12,825,892 tons). The estimate is believed to be 
fairly close for Nova Scotia and British Columbia. 
In Alberta, however, there are so many small operators 
that final returns may show a wider variation from the 
estimates now made. 

By provinces, the estimate is as follows, the figures 
for 1915 being included for comparison. 


Estimated Coal Production in Canada, 1916— 
in Short Tons. 


Production of Coal. 





Increase or 
Decrease 
1915. 1916. 

Nova Scotia .. 7,463,370 | 6,950,000 — 613,370 
New Brunswick 127,391 135,000 + 7,609 
Saskatchewan 240,107 260,000 + 19,893 
Alberta ee 3,360,818 4,400,000 + 1,039,182 
British Columbia 2,065,613 2,620,000 + 554,387 
Yukon ve 9,724 — _ 

Total . 18,267,023 14,365,000 | + 1,097,977 


The 1916 production exceeded that of the two previous 
years, the increase over 1915 being about 8 per cent. 
Nova Scotia is apparently the only province that has not 
made an inc production, the falling-off in this 
province being a little less than 8 per cent. The increase 
in Alberta is nearly 32 per cent. and in British Columbia 
nearly 27 per cent. The production in New Brunswick, 
Saskatchewan and British Columbia is the highest on 
record. No estimates are available yet as to the Yukon 
output. 





DisposaL oF Waste Tins AND Scrap.—The borough 
of Hornsey have put down a furnace for dealing with 
waste tin and scrap. It is heated by the destructor flue 
gases, and is arranged in such a way that the work is 
being satisfactorily carried on without increasing the staff 
engaged on the old processes. In the result the council 
were able to enter into a contract, as from October 1 
last, for supplying, at advanced prices, to Messrs. Levin, 
Webb and Co. pressed de-tinned scrap, galvanised scrap, 
light waste, and solder. The whole process of prepara- 
tion, including refining of the solder, being carried out 
by the town council’s staff. From the first three 
months’ working it is evident that the decision to 
deal with the work in this way has been fully justified, 
as the annual receipts for 194 tons will amount to £203. 
It will be noted that, notwithstanding the difficulty in 
disposing of the waste metal, the destructor yard has 
throughout been kept clear of accumulation, and it may 
now be said, in every sense of the term, that the trade 
has been secured, with an increase of about 49 per cent. 
upon the returns received from pre-war German trading, 
and this by a simple process, involving. no material 
encroachment upon the yard space or additions to the 
working staff, and at a comparatively nominal capital 
outlay. 

British Inpustries Farr, 1917.—Manuiacturers who 
are exhibiting at the British Industries Fair have received 
their allotments of space from the Board of Trade during 
the last few days, and the work of erecting stands has 
already begun. The total amount of space applied for 
has again largely exceeded the space at the Board’s 
disposal, with the result that exhibitors have found 
their allotments considerably reduced. In some cases 
it has even been found necessary to reduce the applica- 
tions by half. This reduction in size of the stands is, 
however, a matter for congratulation, as it tends to 
make the fair more compact without in any way 
detracting from its commercial utility. Last year’s 
fair was held in the Victoria and Albert Museum, a 
portion of which had kindly been placed at the disposal 
of the Board of Trade by the Board of Education. As 
this year the Board of Trade have been able to secure 
not only a portion of the Victoria and Albert Museum, 
but also the _ hall and certain galleries in the Imperial 
Institute, which have been kindly lent by the Executive 
Council of the Institute and the University of London, 
the space covered by the fair will be considerably larger 
than last year, and the number of exhibitors will also 
be greater. ~The fair will open on the last Monday in 
February (February 26) and will remain open till 
March 9. The London Fair, like all such undertakings, 
comes under the restrictions imposed by the Ministry of 
Munitions, and consequently certain trades, which would 
otherwise be included, cannot participate. The trades 
which will exhibit are: toys and games; earthenware and 
china; glass; fancy goods; stationery and printing. 
The Glasgow British Industries Fair, which is under the 





of the Dutch Royal Commission appointed in connection 
with the exhibition and chairman of the Dutch exhibitors, 
expressed his approval of the proposed arrangements and 
promised hearty support and co-operation on the part 
of the Dutch exhibitors. It was decided that the exhi- 
bition, which would be open for a period of three weeks, 
should be held at the first suitable date when “ Olympia” 
is available after the war, the actual date to be decided 
by a majority of the exhibitors’ committee. 





* Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, January 23, 1917. 


ausp of the Board of Trade, and has its full support, 
will include: textiles; ready-made clothing; boots 
and shoes ; foodstuffs (prepa: and preserved); domes- 
tic chemicals. By this new system of holding more than 
one fair at the same time, while carefully preventing the 
duplication of the ow te a trades, the inducement 
to foreign buyers to visit the country is greatly increased. 
A supply of invitation cards and printed notices drawn 
up in the language of the country for which they are 


intended is sent to H.M. Consuls and Trade Com- 
missioners all over the world, all of whom are requested 





to make the fairs known in their respective districts, 

















































wes Fe. 


























LPT EP SET LE AE Pe RES 

















TOD Sy ES TF 




































































































































































































































































88 


—_— 


ENGINEERING. 





[JAN. 26, 1917. 





INDUSTRIAL NOTES. 


Tue War Cabinet has instructed the Secretary of 
State for War to call up for military service all lads 
as and when they attain the age of 18 years, instead 
of, as at present, 18 years and 7 months. 

The only lads as a class who should not report are 
those who have passed through an apprenticeship in 
one or other of the skilled engineering trades, and who 
are fully engaged on war work in the shipyards or 
munitions factory. Such lads should remain at their 
work, 





The President of the Board of Trade has appointed 
Mr. Adam Nimmo to be chairman of the committee 
appointed to consider the position of the coal trade 
after the war, especially with reference to foreign 
competition. Mr. Nimmo takes the place of Lord 
Rhondda, who resigned in consequence of his acceptance 
of office as President of the Local Government Board. 





Mr. F. Kellaway, M.P., Parliamentary Secretary to 
the Minister of Munitions, stated last week that there 
are at present in national factories and controlled 
establishments close on 500,000 women working day 
and night, who are as really protecting the sanctity 
of their homes and the national honour as are the men 
who, with incomparable bravery, storm the German 
positions. Much greater effort is needed unless we 
are to lose the advantage secured to our armies by the 
work done under the direction of Mr. Lloyd George 
and Dr. Addison at the Ministry of Munitions. Germany 
is making a new and gigantic effort to overtake us in 
this war of material. She is bringing back from the 
colours great numbers of skilled men. Her levy en 
masse is placing at her disposal an immense supply of 
additional labour. We shall be making one of the 
greatest mistakes of the war, added Mr. Kellaway, if 
we do not realise the grave significance of the fact that 
Germany is striving to increase beyond anything yet 
imagined the material at her disposal when the time for 
a sustained and extended offensive returns. Germany, 
to a great extent, is relying upon forced labour. Our 
women have come forward voluntarily, and will come 
forward in greater numbers as soon as they realise the 
national need. If we succeed, as we shall succeed, 
in overwhelming the mass of material which Germany 
will have prepared, it will be because the women in 
this kingdom have shown themselves willing to work 
for the cause for which their men are prepared to die. 





The selling price of aluminium ingots of ordinary 
commercial purity of 98 to 99 per cent. has been fixed 
by the Ministry of Munitions at 2251. per ton, carriage 
paid to consumers’ works. The maximum selling 
price of remelted aluminium scrap and swarf ingots 
of 98 to 99 per cent. purity has been fixed at 2101. per 
ton, carriage paid to consumers’ works. The maximum 
price must not be exceeded, but a lower one may be 
fixed by agreement between the seller and the buyer, 
based upon the metallic aluminium content. These 
prices take effect as from the Ist inst., and permits 
under Regulation 30a of the Defence of the Realm 
Regulations will be granted only for such dealings in 
the above-mentioned materials as are in accordance with 
the above prices. The said prices are subject to altera- 
tion at any time, as may be directed by the Minister of 
Munitions. 





The Ministry of Munitions learns that, with regard 
to the instruction contained in the Circular Letter 
(M.M. 100) giving notice of withdrawal of war-service 
badges and certificates from all semi-skilled and un- 
skilled men, many firms have not yet complied with the 
requirements in paragraph 3 thereof, viz.: “ ... under 
Section 11 of the Munitioas of War Act, 1915, to make a 
return in triplicate of all men in your employ, and shown 
on your register M.M. 37/B or D.R. 17, as the case 
may be, on the first day of December, 1916, as unskilled 
of 30 and upwards (on Form No. 82/K), or semi-skilled 
of all ages (on Form No. M.M. 82/H). The copies of 
such return must be addressed to the Divisional Officer, 
Board of Trade, of your district. . . .” 

The Ministry of Munitions accordingly desires to 
give warning that any firms which have not yet made 
full returns on Forms M.M. 32/H and M.M. 82/K to 
the Divisional Officer of the district in which their 
works are situate, and do not immediately comply with 
the instruction in question, will be considered by the 
Department to have failed to comply with a require- 
ment of the Minister of Munitions, and will expose 
themselves to prosecution in the terms of Section 11 
of the Munitions of War Act, 1915. 





We read in Engineering News, New York, that the 
Alpha Portland Cement Company began shutting 
down its cement kilns every Sunday in June last; 
it has continued the practice ever since. It tried 
shutting down the kilns empty and loaded, and found 
it preferable to shut them down with the load in them. 
Though the wages per week are lower, since the wages 








paid are for six days’ work instead of for seven the 


workmen are satisfied with the change. 





Representatives of the railroads and railroad brother- 
hoods have been conferring informally in New York, 
says the Railway Review, Chicago, in an effort to reach 
an adjustment of the eight-hour controversy inde- 
pendently of the Adamson law, the operation of which 
is suspended until the Supreme Court passes it. Mr. 
W. G. Lee, president of the Brotherhood of Railway 
Trainmen, has stated that if the negotiations come to 
a successful end the disputes between the railroads and 
the employees will be taken out of politics by the 
establishment of some kind of a Federal Commission 
to take the place of the present Board of Mediation and 
Conciliation. He said that the members of this Board 
should be practical men from both sides, appointed by 
Government, and answerable to the President, with full 
authority to hear and dispose of all controversies that 
arise. Headded that a Board composed of four brother- 
hood men and four railroad representatives, cut loose 
from the organisation, and from their railroad interests, 
would form a Commission to the fairness of which he 
would be willing to subscribe. In his opinion, “ with 
such a Commission, 90 per cent. of all so-called griev- 
ances that originate would be settled satisfactorily.” 





We read in the Jron Trade Review, Cleveland, Ohio, 
that women are beginning to be serious rivals for men’s 
jobs. Following the walkout of Dayton machinists 
in August, manufacturers began employing women. 
They proved so efficient in their new line of endeavour 
that factory heads will keep the strike-breakers at 
work. The Recording and Computing Scales Company 
is one of the large concerns to employ women on the 
hand presses. Men still do the lifting, but the women 
are actually doing the delicate work in the Dayton 
factory, and the manufacturing concerns are opening 
their plants more and more to woman labour. ‘“‘ Women 
are better fitted for delicate work,” is the explanation 
given for supplanting man labour with woman labour. 
“They are much more industrious and seldom shirk. 
The only drawback is that women know little of 
machinery. This difficulty will be met in time.” 





The Midvale Steel and Ordnance Company, says 
the Iron Age, offered, on the 3rd inst., to officers and 
employees, an opportunity to subscribe for 6,000 shares 
of its stock. A subscription price of 60 dols. per share 
(par value 50 dols.) was made, and the following table 
shows the maximum number of shares which may be 
subscribed for by the individual :— 


Employees Receiving May Subscribe 
Annual Salaries or for a Maximum 
Wages of Number of 
600 dols. or less 2 shares. 
600.01 to 1,200 dols. 3 
1,200.01 to 1,800 ,, + 


1,800.01 to 2,500 ,, i 

2,500.01 to 3,300 ,, . 6 

3,300.01 to 4,200 ,, 7 
Employees receiving salaries in excess of 4,200 dols. 
per annum will be entitled to subscribe for 7 shares, 
and, in addition, | share for each 1,200 dols. of the 
excess of their respective salaries above 4,200 dols. 
Not more than 20 shares will be allotted to one sub- 
scriber. Payment of subscriptions may be in monthly 
instalments, to be deducted from the salary or wages 
of the subscriber. No instalment may be less than 
2 dols. per share, and must not exceed one-fourth of 
any month’s salary or wage. Payment for the stock 
must be completed within three years, i.e., not later 
than December 31, 1919; interest at 5 per cent. will 
be charged on deferred payments. Dividends or 
special allowances will be credited to the account of 
the subscriber as part of his payments. 


o 





Mr. E. Manville delivered his presidential address to 
the Coventry Chamber of Commerce on the 18th inst., 
and stated that the British working classes had, during 
the war, shown a most commendable spirit in producing 
the greatest possible output. With not far short of 
5,000,000 men called to the Government service in one 
form or another, the volume of trade was absolutely 
larger than in 1913. The resources of this country in 
machinery had been enormously increased by the 
expenditure of the nation during the war, and if the 
labour of the country, efficient as it had proved to be, 
would make use of the machinery now in existence by 
producing with it the maximum possible output, it was 
certain that no other part of the world would be able 
to excel this country in the cheapness and excellence 
of its products. The Federation of British Industries 
had been unremitting in its efforts to bring into closer 
contact employers and workpeople, and those 
acquainted with the progress made felt the greatest 
satisfaction at the results so far achieved. Both sides 
were finding that on all the main points capital and 
labour could join hands and see that what was to the 
profit of the one was to the good of the other. Labour 





could never go back to the pre-war standards of pay, 
and capital could well afford better rates of pay, a 
greater share in the profits made, if labour would do 
its part towards unrestricted output. That, he 
thought, was going to be the essence of the outcome 
of the conferences being st present held, and that 
would be the opening of a new era in the industries of 
this country which promised the most satisfactory 
results. It might be fairly said that unlimited Free 
Trade was now looked upon by all parties as a system 
of the past, and the question of the extent to which 
Protection should be afforded to those industries 
requiring it in the period immediately after the war 
would be considered on non-party lines and determined 
by the exigencies of the case as they presented them- 
selves. By its intelligent use we should be able to 
make a commercial alliance with our Dominions and 
Allies, and this should enable us to put up a front 
against our present enemies which would be thoroughly 
effective. After 30 months of an unprecedented and 
almost unthinkable war we were still in a financially 
sound position, with our resources not very seriously 
infringed on. The end of the war, when it came, sooner 
or later, even with the imposition of greater taxes, 
would leave us with a heavy liability to face, and it 
was evident the major part of its cost would be borne 
by the present generation. It would, therefore, be 
imperative for all to work harder and more efficiently 
than before, not only to increase our production of 
national wealth, but to maintain the supremacy of the 
kingdom. 





Speaking at Rotherham last Sunday, Mr. John 
Hodge, the Minister for Labour, stated that for a great 
many years Labour had been asking for a Labour 
Ministry, but now he regretted to say that in one 
instance he had been turned down by his own Labour 
people. He had been asking for Labour men on a 
Government Committee. He invited one of the 
federations of trade unions to nominate for a com- 
mittee, and they had refused. That was not playing 
the game ; he trusted they would realise their blunder 
and reconsider their position. He had been studying 
the problems which would arise after the war in regard 
to demobilisation. There was no doubt that workmen 
by themselves could not place “ the lads” in employ- 
ment when they came back without trouble and 
friction, but if they could get the wholehearted co- 
operation of employers and workers, the task would be 
a comparatively easy one. He meant, he added, to 
have the machinery ready for that. He had also 
mapped out a policy which would more than double the 
number of Exchanges. Previous to the war, Mr. 
Hodge also said, he thought Free Trade meant the 
prevention of hostilities, but he was going to have no 
more German steel imports whilst there was an idle 
furnace in this country. So-called Tariff Reform did not 
mean the lowering of the standard of life. 





The Clyde District Committee of the Amalgamated 
Society of Engineers have applied to the Employers’ 
Federation for an advance of 4d. per hour. 





The sixteenth annual conference of the Labour Party 
opened on Tuesday at the Albert Hall, Manchester, 
when Mr. G. J. Wardle delivered his presidential 
address. The proceedings on Tuesday were mainly 
of a political nature. At their close a vote was taken 
on the Executive Committee’s report in regard to the 
inclusion of members of the Labour Party in the 
Government, when there voted in support of the 
participation of Labour in the Ministry 1,840,000, and 
against 307,000, or a majority of 1,533,000 in favour. 
In the course of Wednesday’s proceedings resolutions 
were passed dealing with the reorganisation of work 
after the war and with the reorganisation of Labour 
Exchanges. In the course of a speech on these 
subjects, Mr. John Hodge, the Minister for Labour, 
assured the conference that every promise that 
Government had made would receive legislative effect. 
His desire was to utilise trade union machinery to the 
utmost of its power in replacing not only the de- 
mobilised soldiers, but in doing the best that could be 
done for the demobilised munition workers. 





Nicurome Castincs FoR HicH TEMPERATURES.— 
Castings of nichrome intended to withstand temperatures 
of from 1,000 deg. F. up, without corroding, are covered 
by the U.S. patent, No. 1,190,652, ted to John C. 

ewerson, Washington, D.C., and assigned to the Driver- 
Harris Wire Co., Harrison, N.J., says the Iron Age. 
The composition is 60 per cent. of nickel, 36 per cent. 
of iron, is per cent. of chromium, and 1.5 per cent. of 
manganese. If comparatively carbon-free—under 0.40 

r cent.—the alloy can be machined, rolled or forged. 
The alloy requires a high melting heat, but can be cast 
in the ordin manner. It is said to be suitable for 
valves and valve seats of internal combustion engines, 
among many other uses. The manganese content is not 
essential. slight film of oxide forms on the surface 
of the article under ogo conditions, which is said 

n 





to be strong and durable, and resistant to sulphuric and 
other acids ; the film adheres strongly. 
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THE MANUFACTURE OF GAUGES. 


The Manufacture of Gauges at the L.C.C. Paddington 
Technical Institute.* 
By A. G. Cooxe, M.A., W. J. Gow, A.R.C.S., and 
W. G. Tunnicuirre, Associate Member. 


AurHouGs the authors make no affectation of secrecy 
with regard to the ultimate purpose of the work described 
in this paper, it will be wise to avoid, not only matters of 
organisation and finance, but even reference to any other 
agency concerned, whether authoritative or auxiliary. 


Nor do they pose as scientific experts, after 18 months of | 


auxiliary labour, on a matter that requires a lifetime 
of study. In the standardisation of an engineering 
industry vastly exceeding in magnitude any previous 
human experience, they have been honoured with an 


important share in practical constructive work, not on | 


account of any recognised merit or skill, but the accident 
of being the largest technical institute maintained by the 
largest education authority. 

The authors deal with workshop details and methods 
of securing a high degree of mechanical accuracy under 
conditions of great urgency and without special equip- 


ENGINEERING. 
| But no other was available. 


Practically for all but the 
“ roughing-out’’ machines complete reconstruction of 
| those essential lathe parts on which precision depends 
| was the first operation. 

| Nature of Manufacture.—An explanation is necessary 
| as to the nature of the work undertaken, and its place 


|in relation to the whole industry. The precision desired 


| for primary standards for laboratory testing is limited 
| by practical possibilities only, and the manufacture is 
not a “commercial proposition.”” Inspection gauges, or 
| secondary standards, are to be manufact within a 
| determined though small range of variation or “ toler- 
ance.” This tolerance should a regarded as a definition. 
not an error limit. Within the tolerance all values are 
“correct.” In consequence, the manufacture is entirely 
a question of competitive cost and urgency of delivery. 
hat standardisation is the key to efficient manu- 
facture and a large output is universally recognised. 
It is not so well understood that simply on account of the 
|magnitude of the output, apart from the question of 
|excellency of workmanship required, the necessity for 
| standards of a higher order of accuracy arises. It is easy 
| in a small workshop to insure by trial that all fitting is 
satisfactory ; in fact the initial magnitudes are generally 


Fig.1. APPARATUS FOR PITCH MEASUREMENT. 





Fy. 2.TESTS TAKEN ON OPPOSITE SIDES OF ATEST-PIECE OF 


Inch 
#000100 





ment. As this work would differ in no particular from 
that required in the standardisation of any engineering 
industry of at magnitude, they may hope that an 
account of their experience may not be without value 
when another great national effort is required to restock 
the world with the munitions of civilisation. 

This is an Institute devoted to the technical education 
of the artisan and foreman. The workshop staff is 
exclusively composed of teachers engaged in the early 
training of this class, and the pupil assistants are boys 
representative of the intermediate training. A severe 


| determined by the same tools and standards. 


/4 THREADS TO THE INCH, LEADING SCREW-PITCH 
4 THREADS TO THE INCH. 


Inch 


In a larger 
workshop the work is linked by more accurate gauges ; 
and it generally matters little if the abso ute measure- 
ments vary appreciably from those specified in the design. 


But when an industry grows to a national or international 
extent, the standards must aim at specified dimensions 
of absolute magnitude, defining exactly the limits of 
permissible variation on either side of the standard, so 
as to include all acceptable and reject all unacceptable 
variations from the correct value. In the language of 





the calculus, in order to limit variations to a defined 


practical test of their efficiency has been made, and their |‘‘ small quantity” inspection gauges are required to be 


claim is that they have justified the confidence of|true to the “second order of small quantities.” 


It is 


engineers, even though they may have contributed little | just in so far as we can rely on the accuracy of inspection 


that is novel to the science of workshop accuracy. 

At the close of the session for evening classes in 1915 
the personnel of the mechanical engineering department 
of the L.C.C. Paddington Technical Institute was reduced 
to the head, who, with the principal, was continuing 
the engineering teaching of a junior technical school 
of 100 boys (14 to 16). Of the ive permanent teachers 
of engineering, four had joined the army and the fifth 
was “on loan’? to a munition factory. From the 
elementary schools of the council were transferred two 
metal-work instructors who had experience in gauge- 
making, Mr. W. G. Tunnicliffe and Mr. H. C. Christie. 
Under their immediate direction were placed five other 
metal-work instructors and 16 selected woodwork 
instructors. 

- Boys of the junior technical school in their second 


year were also employed; the ultimate arrangement | 


adopted being for classes of about 17 to work every 
third week for 44 hours. Experience confirms that this 
is excellent in results, and worthy of consideration as a 
permanent system of engineering training. 

achinery that had been in ceaseless use by day and 
evening students for ten to a dozen years could hardly 
be expected to be ready for work of the highest accuracy. 


gauges to define the limits of variation permissible that 
the designer can allow those limits to be extended with 
safety. Hence the apparent paradox that high accuracy 
in the inspection gauges allows more laxity, and so 
increases facility and speed of manufacture. 

Limit Gauges.—There is no need to describe in detail 
the principles of limit gauges for measurements of length 


were manufactured, the essential difference being that 
the former must be adjusted to be within the specified 
limits, while any tolerance permissible in the latter 
must be outside, so as to pass all acceptable work. 
Tolerance in a workshop gauge tends only to increase 
the margin of safety, enforcing greater care in manu- 
facture - nel necessity demands. Uncertainty and varia- 
tion in inspection gauges is not only unjust to one manu- 
facturer, but affects all by necessitating closer limits. 

The necessary order of accuracy for this type of gauge 
—three ten-thousandths is generally specifi nm be 
obtained with universal grinders. As the demand was 
urgent, and grinding machinery not available, the authors 
had to resort to handwork. Lapping with high 
motors up to 3,000 or 4,000 revolutions, and other devices 
for acceleration were developed. 

P. Sag. ras 





he Paper read before the Institution of Mechanical 
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ges.—The greater part of the work 
jentrusted to this institute consisted of a class of gauges 


|determining position or some geometrical feature, in- | 


and diameters. Both workshop and inspection gauges | 


one greater difficulties ractice than 
a single directly oncentricity, 
perpendicularity, or parallelism, and distance between 
centres of turning and drilling, are examples, The authors 
are unfortunately unable to give de » but it will be 
seen that to determine some such geometrical condition, 
or primary measurements, in the work to . 
limits of accuracy are allowed by a definite variation in 
the size of diameters of cylinders, pins or drillings, so as 
to allow slackness. The gauge limits the combined 
errors in jig or automatic tool work. 

It will be seen that any variation of the inspection 
gauge, as regards the primary condition, simply displaces 
the limits which it is intended to give, rejecting satis- 
factory and accepting unsatisfactory woke through a 
range of double its own error. The practice is to allow 
a gauge tolerance of only 0.0001 in the primary measure- 
ment, and a combined tolerance of 0.0003. 

Screw Ga -—The methods by whch the authors 
attained the high accuracy required for screw gauges are 
selected for description. They try to limit any discussion 
of scientific principles to such as directly affect their 
work in the construction of the gauges. In screw gauges 
the gauging surface is an elaborate skew surface, all 
parts of which are required to be within the limits, in 

neral fixed at three ten-thousandths measured radially 

rom the axis (0.0006 in diameter). This means only 
about 14 ten-thousandths normally to the slope of the 
threads. It must not be forgotten that this is the 
second order of small quantities necessary to define a 
larger variation permissible in the work. a variation 
of which this is 5 per cent. would allow a sheet of The 
Times newspaper to be used as packing (three 
thousandths), it cannot be regarded as too fine. 

It should be evident that the accuracy in pitch of the 
lathe used should be such that no divergency from the 
correct value greater than about 1} ten-thousandths 
should exist throughout the range u For this would 
cause a skew surface otherwise cut in correct shape to the 
mean value to pass outside the limits allowed. If any 
further error in pitch exists, up to an extreme value of 
three ten-thousandths, it is only possible to keep within 
limits by thinning of threads, reducing the effective 
diameter, and the practical difficulties of the reduced 
margin increase rapidly if the above error is exceeded. 
The authors found that the lathes by a number of manu- 
facturers showed an error in pitch of about 2 in 1,000 


in theory and 








Fig. 3. FINAL TEST ON A SCREW SHOWING A SATISFACTORY 
RANGE FOR A LENGTH OF 1% INCHES. 





always short of cification. This uniform orTpro- 
gressive error is fairly easily corrected by change of’ gear 
| wheels, as will be shown by an example, but indicates 
|the lamentable need for standardisation in leading 
screws. Superimposed on this error were periodic 
| errors, initial and produced by wear, requiring measure- 
ment, analysis and correction. It is desirable to t 
that they are aiming not at perfection, but a precision 
| defined by tolerance. In a choice between methods of 
| correction, that which will permanently rectify a dis- 
| covered cause of variation so as to bring it within the 
defined limits is infinitely preferable to any method of 
compensation which, though more capable of refinement, 
would allow redevelopment of error in prolonged heavy 
| use, thus delaying output. 

The periodic error is amenable to reduction by a final 
lapping process, but for this not only the amplitude 
but the length of the periods must be considered, and 
ey also the method of lapping. Short periods and 
epPing with high speeds through several turns of the 
| lap y to 
Workshop Measurements.—It was found absolutely 
} eager | to design and make for themselves instruments 

by which measurements of pitch and the diameters of 
the screw gauges could be made on the premises, and 
— apparatus by which screw-cutting tools could be 
shaped and the sections of the screw threads examined. 
Details of these may perhaps be of interest, not as 
examples of high accuracy of physical measurement, but 
of practical methods suitable to the workshop. 
he apparatus for pitch measurement is shown in 
Fig. 1. Wy its use on test-pieces they were enabled to 
analyse s by step the errors of pitch in lathes. One 
example will be given in some detail. The pin, which is 
| moved from groove to groove, followed by the micrometer, 
|is turned to a cone of angle slightly less than 55 deg., 
| and the point removed to ensure that the pin touches, not 
| the bottom, but the sides of the groove. Supreme care, 
| by good fitting, is necessary to insure that the points of 
| contact follow a line parallel to the axis of the screw. 
| The differences between the micrometer readings for 
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each groove, and those calculated for a correct view of 
the presumed pitch, are plotted as ordinates in iy 2 
and 3 (page 89). These are selected from a large 
store of records as the first and final pitch diagrams 
of test-pieces from the same lathe ore and after | 
correction. The test of Fig. 3 was taken on opposite | 
sides of a test-piece of 14 threads to the inch, the hding 
screw-pitch being presumed 4 threads to the inch. 
Analysed, it shows a fairly uniform progressive error 





of 0.0022 per inch, with superim iodic errors | 


fairly typical of ordinary workshop accuracy. 
Two methods of correction for progressive error were | 
considered :— 
(a) By accelerating the motion of the top slide of the 


Fig. 4. APPARATUS FOR EFFECTIVE DIAMETER MEASUREMENT. 


- 2 y 


compound rest by means of a weighted lever attached 
to the screw. The screw of the slide was turned at a 
uniform rate as the saddle traversed along the bed of 
the lathe, by making the end of the lever move down an 
inclined plane, the slope of which could be readily deter- 
mined from the known pitch error. 

(b) By selecting a new train of wheels, a process 
demanding some considerable calculation by trial and 
error for different pitches, but which has proved quite 
possible in all cases. For example, the train of wheels, 
drivers 38 and 20, followers 91 and 50, gives a pitch of 
24 to the inch correct to less than 0.000007. 

The periodic errors corresponding to the revolution of 
the leading screw may be due to :— ; 

(1) Reproduction of an error in the leading screw. 

(2) An axial movement of the leading screw with each 
rotation, owing to both the thrust collar and bearing 
being out of truth. - ; 

(3) Lack of straightness or stiffness in the leading 
screw, causing oscillations at the point of contact of the 
nut. 

To correct (2) the collar bearing on the leading screw 
was dispensed with, and the thrust was carried by a single 
ball bearing applied to an enlarged centre on the leading 
screw. The collar was turned off and the screw made 


to run free in its bearing. A 4-in. ball was used, and 
the thrust taken by a bolt screwed through a bracket and 
locked in position, the end of the bolt being made 


intensely hard. 

After testing and correcting the change-wheels for 
eccentricity, it became evident that a more accurate and 
rigid leading screw was necessary. A new leading screw 
was cut on the milling machine on a sleeve of 2 in. 
diameter and 8 in. in length, with a pitch intended to be 
12 threads to the inch. A split nut, 2} in. in length, 
was clampéd by a weighted lever. Mounted on the 
original leading screw as shaft a progressive error of 
0.0008 was found, with a periodic error amplitude nearly 
6.0003. On substituting a short stiff shaft the latter 
was reduced to an amount not exceeding 0.0002, which 
may be considered satisfactory. The progressive error 
was approximately corrected by the following gear 
wheels :— se ede 
: x rivers. 

For 24 threads to the inch Sa Fi Settewers. 
36 X 67 drivers. 
74 x 38 followers. 


The final test, showing a satisfactory range for a length 
of l}in., is shown in Fig. 3. This length, carefully 
marked, was sufficient for the gauges réquired. 

The apparatus for effective diame.er measurement is 
shown in Fig. 4. The micrometer carriage, mounted on 
balls, is constrained to move in a plane at right angles 
to the axis of the screw to be tested. This apparatus 
may also be used for measuring core diameter, by using 
triangular prisms in place of the small cylinders. 

An ordinary 0 to 2 in. micrometer, fitted with a special 
adjustable attachment to enable direct measurements 
to be made of core diameter, is shown in Fig. 5 (annexed). 

Optical Projection.— nt by optical projection 
was first resorted to for adjustment of the shape of tools 
for screw cutting, and verification of the shape of thread. 
Finding the possibilities for accuracy of measurement 
were greater than was thought possible, and well within 
the tolerance allowed, the use was extended to a large 
variety of gauges, particularly to plate gauges of shape, 
slots and holes, curvature and cone angles, &c. 

The key to the method is to secure, as nearly as 
possible, a truly parallel beam of intense light, freed 


For 14 threads to the inch 





from heat rays by 


The necessity of a parallel beam (except for tool edges) 
should be ‘obvious in dealing with gaugi 
such as plates and screw-threads, and adjustment for 
tangential or grazing incidence must be as fine as 
possible. This limits the field for simultaneous survey 
corresponding to the revolution of the leading screw, of | to that of the area of the projecting lens. A combination 
amplitude 0.0004 in. The lathe was in good condition, | of three optical elements was designed to give variable 

E magnification up to 400. About 180 is, however, ample, 
and visible in undarkened room. Where it was desired, 


ge through a saturated solution 

ofalum. An optical bench of great rigidity, and sensitive 

and universal adjustments, carries the 

agate lenses. The screen is at a distance of about 
6 it. 


as in a few cases, to cover a la 
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r gauge length than 
about } in., a triple achromatic lens of 2-in. diameter 




































































Fig . 3. 

APPARATUS FOR 
CORE DIAMETER 
MEASUREMENT. 
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(ores 0) 
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and 6-in. focus was combined with an astigmatic lens. 
The area surveyed on this extended up to over 1} in., 
with 50 magnifications on a 6-ft. screen. 
change of gauges and tools from optical bench to vice 
or lapping motor with the minimum of readjustment is 


essential. 


Shaping of Screw-Threads.—With a magnification of 
166 a clear definition of the working ed 
pointed tool for screw cutting is possible to much less 
than a ten-thousandth, this be 
sixtieth on the screen. 


fine oilstone to this de 
without tempering, an 


is checked b 





ing resented by one- 
The pn A toe rounding off 
of the nose for the required pitch are adjusted with a 

of accuracy, after hardening 
quickly readjusted after wear. 
The same tool is used to cut the groove in a cappi 
for the crests. It is then possible to insure correct 
provided that the relation of core to effective diameter 
measurement. 
In the final projection of the screw-thread in silhouette 


Quick inter- 


of the single- 


tool 
pe, 





a careful examination for symmetry is advisable, checking 
the setting of the tool. A small margin in all dimensions 
is left for lapping, which removes some residual errors, 
the margin being increased if a hardened gauge is required. 
For rapid lapping the screw gauge is held in a self- 
centring chuck on the shaft of a 1-h.p. electric motor. 
This is “perme | controlled by a reversing switch, 
so that it rotates with precision, uniform torque, and any 
desired speed, two revolutions forward and backward. 

The laps are made of cast-iron, cut with a tap, or on 
lathe, split, and adjustable for wear. Frequent re- 
tapping retains the sha For the core a lap is prepared 
with a slightly thin thread, and for effective diameter 
a full thread with crest removed. 





INDUSTRIAL AND ScrenTIFIC RESEARCH IN CANADA.— 
The Imperial Trade Correspondent at Toronto, says The 
Board of Trade Journal, has forwarded an extract from 
the local press, dated December 1, from which it appears 
that the Dominion Government has appoint an 
Honorary Advisory Council on Industrial and Scientific 
Research. This Council will work with a Government 
sub-committee consisting of the Ministers of Trade and 
Commerce, Interior, Mines, Inland Revenue, Labour and 
Agriculture. Among the questions to be considered are 
the utilisation of waste products ; the discovery of new 
pre hanical, chemical and metallurgical ; 
and the development of the unused natural resources of 
the country. 





AMERICAN SHIPBUILDING.—We read in International 
Marine Engineering, New York, that while the annual 
meeting of the Society of Naval Architects and Marine 
Engineers, recently held in that city, was not as well 
attended as was earnestly desired by those who have. 
the best interests of the society at heart, nevertheless 
the society gave every indication of a healthy growth, 
both in membership and in interest in the work before 
it. Throughout the proceedings there was evident a 
most optimistic feeling for the future of the American 
shipbuilding industry and for the upholding of the 
American merchant marine. The conditions in the ship- 
building field throughout the world which have developed 
in the last two years, adds our contemporary, give 
promise of a long-continued period of prosperity for 
American shipbuilders and a most hopeful situation as 
regards the growth of the American merchant marine. 





PROPOSED FREE Harpours IN SwEDEN.—It is stated 
that Malmé, Gothenburg and Stockholm are to have 
free harbours. In 1915 a detailed plan to this effect 
was prepared by the Stockholm harbour construction 
office, but the harbour board delayed the carrying 
out of the scheme, intimating that the time had not 
yet arrived for such a large undertaking. The Stock- 
holm municipality, however, took a different view of the 
matter and appointed a special commission to deal with 
it. This commission prepared a new detailed plan, and 
urged the prompt execution of the work. The com- 
mission point out in their report that the beneficial 
effects of free ports have been demonstrated in Copen- 
hagen. Stockholm’s commercial intercourse with Fin- 
land and Russia, and with distant countries such as 
China and Japan, has increased to a marked extent during 
the last few years. The report recommends that work 
on the Stockholm free harbour should be commenced 
in the course of 1917 and completed within five years. 
It is proposed to leave the working of the new port to a 
limited company ; the construction is to be carried out 
by the municipality. The cost is calculated at 20,460,000 
kronor, of which 15,900,000 kronor would be for the free 
harbour proper and 4,560,000 kronor for warehouses, &c. 

INDIAN Rattway 
expenditure made by the Bengal and Nagpur Railway 
Company in the year ended March, 1916, was mainly on 
rolling-stock ordered before the war and improvements 
to the main line and to the company’s workshops at 
Kharfur. There was also an expenditure on the Bokharo 
colliery and on the Tumsar Road—Tirodi tramway. No 
new construction was in progress during the year. The 
rolling-stock at the close of March, 1916, included 500 
locomotives, 950 coaches, 14,504 goods trucks, and 803 
miscellaneous vehicles of 5 ft. 6 in. gauge; and 106 
locomotives, 275 coaches, 1,405 goods trucks, and 113 
miscellaneous vehicles of 2 ft. 6 in. gauge. During 
1915-16 the rolling-stock was increased by 34 loco- 
motives—32 coaching and 693 goods engines—of 5ft. 6 in. 
gauge, and by 20 locomotives—7 coaching and 147 goods 
vehicles—of 2 ft. 6 in. gauge. In addition to this new 
stock, 12 locomotives—67 coaching and 274 goods 
vehicles—of 5 ft. 6 in. gauge, and 10 locomotives—65 
coaching and 9 goods vehicles—of 2 ft. 6 in. gauge, were 
in course of supply or erection ; all this new stock was 
ordered before the war. The company’s present floating 
stock includes 4 ferry steamers, 4 steam launches, 5 
barges, and 4 ferry pontoons. The total mean mileage 
worked in 1915-16 was 2,688} miles, viz., 5 ft. 6 in. 
gauge, 1,894 miles ; 2 ft. 6 in. gauge, 794} miles. There 
was an increase of 357,162 tons, or 5} per cent., in the 
weight of goods carried in 1915-16. The largest increase 
occurred in coal, and was due to increased long-distance 
coal traffic via, Nagpur, Walthair and Kutni. There 
were also substantial increases in cotton goods, due to 
heavy bookings to Calcutta. There was an increase in 
the working expenses last year, principally attributable 
to higher expenditure in connection with maintenance 
of way and works and locomotive charges. The increase 
in the maintenance of way -~ ae was 2 enety, os: 

lained by some relaying and re-sleepering having n 
Boon. The expenditure on strengthening bridges and 
repairs to damages caused by cyclones and floods was 
smaller. j 
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WORM GEAR AND WORM GEAR MOUNTING.* sip’ feo’ ehevtateal ath 
By F. W. Lanougster, M.Inst.C.E. 
(Continued from page 67.) 

Tue experience of the Daimler Company, though 
dating from more recent time, is considerably wider than 
that of the Lanchester firm, inasmuch as the range of 
sizes and standards, as defined by the different centres 
and ratios of gear, is far greater ; the applications range 
from the lighter ee we of pleasure vehicles, both petrol 
and electric, to the viest type of motor lorry, namely, 
the five-ton vehicle. 

The whole range of the Daimler-Lanchester worm gear 


—— to (stationary) power transmission. 

us, in ter detail, type B, 6-in. or 152-mm. centres, 
is that almost universally in full weight touring cars, 
limousines, &c.* "ai K, 137-mm. or -in. centres, 
for cars of, say, 20 “ egal "+ h.p., weight not exceeding 
32 cwt. gross. Type F, 120-mm. or 4}-in. centres, for 
cars of, say, 16 “‘legal’’ h.p., not exceeding 28 cwt. 


gross. ; 
The types H and J, 7}-in., or 196-mm. centres, are for 


3-ton lorries, bus chassis and the like. Type O, 9 in. 
standards is laid out diagrammatically to scale in Fig. | or 228-mm. centres, is for the heaviest road vehicle at 
Fy . 21. 
YPE A A } +4 S F 6 a oO P 
Load at 752 82 37 B84 175 197 #7 
ltonsq. Pains. 
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FOR THE 20-H.P. DAIMLER 
CHASSIS. 

















Fic. 23. Typrcatn Mountrxe ror A anp B STANDARDS 
or Gear. Fics. 26 anp 27. G Sranparp MounTED 
AS A Fixep TRANSMISSION. 

21.7 The diff dards of blank are 

the ‘capital letters A, B, C, &c., in the 

they were initially established. Types 
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designated by! present in ordinary commercial use, namely, the 5-ton 
in which ° me 


order tb 

A, B, C, F, and| A typical mounting for the A and B standards of gear 

*4P i 55*Saligh — | is illustrated in Figs. 22 and 23. There is little to be 

Enct aper read before the Institution of Automobile| noted here except the self-adjusting i thrust 
The L on December 13, 1916, slightly abbreviated. | bearings, which prevent undue or unevenly distributed 

AandB Company’s standards include types stresses on the thrust bearings as plausibly due to any 
and B only, and are identical with those given, except | slight “ whip’? or spring of the mounting or want of 


oan the Lanch npany’s list does not include the | ee 
ratio type B, but includes a 6/36 ratio in type A.| _* Up to 50 cwt. gross or even over. In all cases it is 
the weight of the car rather than the horse-power which 
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In addition to this the Lanchester Company’s standards 





ay < bs lude left-handed cutters only, but their is of importance. 
oni es a certain number of right-handed cutters in +t The “legal” h.p. is measured by the R.A.C. rating 


| 0.4 D2n, 





&c., | alignment. 
icles | practice, also, it may 
the U.S.A.), types H, J, and O for | are taken inde 
commercial heavy vehicles, and type G for particular 
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Contrary to the Lanchester Com "s 

noted that the road-wheel 

t dently of the differential box mounting. 

Figs. 24 and 25 illustrate the mounting adopted in the 
20-h.p. Daimler chassis, used to a considerable extent for 

| Staff, Red Cross and other purposes at the Front. 


| 
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| ‘Fig.22 
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Fig. 22. Tyrrcan Mountine ror A and B 
STANDARDS OF GEAR. 
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this mounting the worm is on top, and the worm box is 
cast integral with the main portion of the gear-box. An 
interesting feature in this mounting is the fact that the 
thrust is placed adjacent to the worm itself, and the 
bearing is placed beyond. This inversion of the usual 
order results in a bigger bending moment on the worm 
shaft, but there is ample strength to carry this. The 
advantage lies in the fact that as designed there are, 
including the worm, only five parts in the mechanical 
circuit, if we regard the variation in ball dia: as 
negligible. These are the worm, the thrust half-bush, the 
thrust live ring, the thrust fixed ring, and, finally, the 
gear-box casting. Thus the total variation in the loca- 
tion of the worm is the sum of five tolerances, or, as 
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already expressed, there are five elements in the | 


with justice be re 


as more than ample; for | shaft, so that its location depends upon one avins in 


garded 
mechanical circuit. This may be considered a distinct | example, at the point d the area of the contact faces is place of two. Also the end face of the worm by which 
more than a square inch, and may be taken as safe in the brake thrust is taken is of increased diameter and 


advance in worm gear mounting as a step to securing | 
interchangeability. 

Figs. 26 and 27 show the G standard mounted as a | 
fixed transmission—as such it has been applied for the | 
driving of air compressors, &c., and other slow-runni: 

lant from electro-motors. It is good for 150, brake 
orse-power at 1,000 r.p.m. of the worm shaft. 

It may be noted that the Daimler Company’s standard 
types for commercial vehicles (lorries, buses, and the 
like) are of a heavier type, and, generally speaking, of | 
considerably lower gear ratio than those for pleasure 
vehicles, the difference being mainly due to the slower 

in d d and the larger diameter 
of the road wheels necessary for the duties in question, 
coupled with the fact that the engine speed is not pro- 
portionately lower. 

It may be said that in the application of worm gear to 





Fig.28. 


(4954.88) 














load is not more than one-third or one-fourth of that | 
amount. As a matter of experience, however, no such 
design will stand up, the faces in contact are found to | 
undergo punishment, and sooner or later backlash will | 
develop, and the failure of the mounting follows in a | 
very short time. The author has actually seen a case of | 
this kind in which the one part has eaten into the other a 
matter of 3 or 4 millimetres and the worm has had to | 
adapt itself to an axial displacement of that magnitude ; 


| compression for a force of 10 tons—the actual maximum | bears directly on a face formed on the shaft itself. 


In Fig. 29 the system (to which reference has pre- 
viously been made) of an accommodation piece is 
employed to overcome the difficulties of interchange- 
ability, the piece in question taking the form of a sleeve 
on which the double thrust is mounted; the accom- 
modation piece is more precisely formed by the flange 
of this sleeve, which constitutes a spacing piece between 
the roller-bearing inner race and the first t washer, 
and its thickness is varied to correct for the combined 





this can hardly be described as fair or proper treat t 
When asked how to account for such failures taking place, 
consideri: the comparatively light thrust load per 
square inch carried by the faces in contact, it is fair to 
say that cases of even admittedly defective design do 
sometimes stand up; a certain percentage of output 
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commercial vehicles the conditions are on the whole more 
exacting than in the touring car. The driving mechanism 
is rarely so refined, and the driver himself is not usually so 
fastidious. Beyond this, the loads are heavier, the tyres 
less yielding, the suspension stiffer, and generally all the 
conditions which tend to “‘hustle’’ the gear exist in a 
more aggravated form. In co uence of this it might 
be supposed that all the precautions which have been 
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will not be reported as giving 
trouble. The truth probably is 
that the failure occurs through 


a little initial ‘“ slogger’’ or | 


backlash creeping in, either 
from careless mounting, due 
to insufficient initial pressure 
being put on by the retaining 








acy of the width of the roller race and the thrust 
dimension. It has been reported that in 

the particular combination of roller and ball thrust 
given in Fig. 29 the variation between one sample 


;and another is commonly (on an average) as much 


as 0.25 mm.* Personally, the author is strongly in 
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avour of dismantling all bearings as they come from 
the makers and rectifying their important dimensions 
so as to secure complete interchangeability ; however, 
neither the Lanchester Company nor the Daimler 
Company has yet taken so drastic a course: the system 
of the accommodation piece has been taken as the 


| simplest way out of the difficulty. No accommodation 
| piece is wanted to correct for inexactitude on the part 
| of the motor car manufacturer ; this is evidenced from 


the fact that the present procedure is that the bearings 
are taken to the view room and are ‘“‘ married ’’ in sets, 
one roller bearing and one ball thrust, and the accommo- 
dation piece, the sleeve, is ground to whatever thickness 
is required in its flanged portion to bring the dimensions 
accurate between the points g and h/ ; no similar pairing 
or grouping of parts is needed in the case of those for 


| which the automobile manufacturer is responsible. It 


is quite clear from this that the attitude of the bearing 


| manufacturer is quite preposterous, and we may look 


to his speedy reformation when the number of firms 
supplying ball and roller bearings have an output in 
excess of the demand. 

Another feature in which the makers of ball and roller 
bearings have much to learn before the goods in question 
cease to be a trouble to the designer is that of the radius 
which it is customary to put on the edges of the bearing 
races. This is too little, and results over and over again 


nut,* or as consequent upon , in a designer having to arrange an additional — in his 


some slight defect in material 
or by bad or rough handling 
at some time or another. What 
has to be remembered is that 
a mounting which is not open 
toi tion (without virtually 
dismounting an axle) must so designed and con- 
structed as to be reliable even under the most 
unfavourable conditions ; the need for large face contacts 
and hardened surfaces on which the author is insisting 


| design in order to adapt the bearing to the sha 
| it is to be mounted. 


t on which 
What is far more serious is that in 
| many cases draughtsmen have been led to design shafts 
| with comparatively sharp corners at collared portions 
| in order to suit the bearing. It would be the best course 
| mechanically to pass the bearings through an extra 
| process and appropriately increase the radius to suit the 
| needs of the shaft neck design, but there is always the 
| danger that this might be neglected, ially in garage 
| work, where the bearing is, often enough, obtained direct 


is thus based on experience of what is rather than on | from the manufacturer instead of through the car builder. 


| calculation as to what might or should be. 
A further defect in the design shown in Fig. 28 is the 
| thin distance tube g on which the double t t bear- 


This is an evil not so much felt in worm mountings as 
it is in other applications of the roller or ball bearing. 
| In Fig. 31 we have a ball bearing as commonly turned 


enumerated as tending to secure solidity of the worm- | ing is mounted ; it has been stated that the end nut A} out, with its radius of only 3/32 in.; the shaft neck to 


shaft assem 
important in the heavy commercial vehicle : experience 
has fully justified this anticipation. It is absolutely 
necessary that the compression parts and thrust surfaces 
between the various components of the assemblage, 
ar worm, spacing collar, roller race, thrust washer, 


ould be of ample area, and on no account must | 


— be left soft. As exemplifying points of and 
design in this respect a comparison may made 
between Figs. 28 and 29. In Fig. 28 a poor design of 


i tionally exaggerated ; a i So Gnek eee 
given, showing the proportions precautions necessary 
to ensure success. Referring to Fig. 28, it will be seen 


that the thrust surfaces between the spacing pieces at 
a, b, co, d, &c., are of insufficient area. So far as concerns 
the taking of the necessary thrust reaction, they might | might be the explanation in some cases. 





blage in the pleasure car will be at least as | must be thoroughly tightened in order to secure the | take this bearing would have to be almost sharp in the 


| assemblage ; if, as drawn, too much force were applied, | corner. The figure shows this bearing accomm ted by 


| the tub 


spacing piece would be liable to be crushed | means of a collar or washer to a properly designed shaft 


and unknown forces would be brought to bear on the|neck. Fig. 32 illustrates what this bearing should be 
| thrust bearing itself, with the imminent risk of its failure | from the point of view of the automobile designer. The 


| —involving the usual undesirable consequences. 


On referring to Fig. 29 it will be seen how much | illustrated, should not 


author fails to see any reason why a liberal radius, as 
4 adopted by the manufacturers 


greater is the area of the faces provided, and generally of bearings. In fully interchangeable work any addi- 


| what a far more secure job has 


slack the worm develops backlash 





, we now see the worm | 
and its thrust all held up solid on one section of the worm 








m made of the worm | tional piece in the mechanical circuit, as in ig. 31, 
| location. Instead of the worm itself being held on one 
worm assemblage is illustrated, in which the defects are | portion of a shaft and the thrust being held on another 
inten: portion of the shaft, so that if either of two —— comes 


means a fining of the limits of manufacture, with an all- 
round increase in the cost of production.f 


(To be continued.) 








*In an exceptional case the inaccuracy was no less 


* The inclusion of a small quantity of swarf or dirt | than one whole millimeter ! 


t+ Compare Appendix. 
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action thereon of air flowing upward in proximity thereto. By this| it would become mixed with the power fuel. An inlet 

** ENGINEERING” ILLUSTRATED PATENT | means the redness of the Fesbstance grid at various parts thereof | for the ignition fuel is ‘provided in the bodys The 

. can be varied, and thus also the amount of heat radiated from | injector control valve ¢ is provided with a d co-axial 

RECORD. various parts of the grid, a greater amount of heat being radiated | there-through, which receives its fuel supply from the inlet port 

SELECTED ABSTRACTS OF RECENT PUBLISHED from the reddest parts of the grid. (Accepted November 29, 1916.) | b a ¢ a peripheral groove x yJyey sf 
12,151/15. A. H. Fargo, Ni York, U.S.A. Cable 
SPECIFICATIONS UNDER THE AOT OF 1907. ounecba (19 Figs.) Au t 23, 1916.—The invention 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, <£c., 
olneed tees ns he sbtained af the Patent Office, Sales 
} 25, 7 On y 8%, Chancery-lane, W.C., at 
uniform 2, 
The dat af the otsuticoment @ the acceptance of a Complete 
is, in each case, after the abstract, unless the 
has been sealed, when the word “ Sealed ”’ 


Any person may, at any time within two 
‘te aheethemens « the ofa 
notice at the Patent O of opposition to the 
‘atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


11,332/15. C. O. Bastian, London. Electric Lamps. 
(1 Fig.) August 5, 1915.—The spiral filament A is mounted in 
the globe B, and the leading-in wires are sealed in the stem of the 
lamp; while the globe B at the piecing-tube end of the lamp is 
temporarily provided with the usual piecing tube C, having a 
thickened portion c forming a contracted passage opening into the 
temporary pocket D, below which is located the passage having 
the thickened portion d, also forming a contracted passage. In 
the temporary pocket D or/and within the globe B or/and in the 
passage C is placed a material, ¢.g., sodium, for combining with 





or absorbing any and all oxygen in the globe B. Next, either 
with or without a preliminary heating of the whole lamp, a seal 
is formed at the point d and then the whole lamp is subjected to 
sufficient heat, externally applied, to cause the sodium to absorb 
the free oxygen contained therein. Having thoroughly ex- 
hausted the globe B of oxygen and, if desired, having collected 
any residual matter within the temporary pocket D, another 
and final seal of the globe B is formed at the point c and at same 
time the pocket D containing said residuals is removed. (Accepted 
November 22, 1916.) 


16,994/15. A. F. Berry, Ealing. Electric Radiators. 
(11 Figs.) December 2, 1915.—In an electric heat radiator 
there is associated with the resistance grid-like structure means 
whereby air can be caused to act to a different extent upon 
different parts thereof, for the purpose of correspondingly 
controlling an effect simulating combustion. A heat radiator 
comprises a length of resistance material a wound backwards 
and forwards between the notched forward edges of two vertical 
strips b of non-conducting material, so as to form a light vertical 
openwork grid, the strips b being secured to the opposite edge 
portions of a vertical backing of concave shape in horizontal 
section, and the space formed between the resistance grid a and 






































116994.) 
the backing serving as a vertical airway through which air can 
flow in contact with the rear side of the grid at the same time that 
air can flow over the front side thereof. For the purpose of 
varying and controlling what may be called, for brevity, the 
combustion effect, the electric heat radiator is provided with 
means whereby the passage of air over and against different parts 
of the resistance grid can be varied to produce varying effects. 
Thus there may be arranged behind the resistance grid, or each 
of them when two or more are used, refractory material k, 
as, for example, sheet mica or quartz, so as to shield part or 
parts of the rear portion of the grid to a greater extent from the 
air and also it may be to deflect the air, or some of it, from the 
said part or parts of the grid, and in this way vary the cooling 


relates to a connector for the adjacent end portions of two wires, 
the object being to provide a connector which comprises rela- 
tively movable sections adapted to partially or wholly inclose 
said ends, and by the movement of said sections to firmly twist 
and bind the said ends together in such a manner that a perfect 
electrical tact, or h 1 co-operation, is ined. 
Two similar hollow members 1 are provided having restricted 
openings 2 in their opposite ends, through which respectively 
pass the adjacent portions of two conductors 3. Between the first- 
named members, which are internally threaded in their adjacent 
ends, is a third member 4, provided with reduced, externally 
and oppositely threaded end portions 5, co-operating with and 
securing said members together. The member 4 is provided with 


Fig.t.1__4 
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a central transverse wall, provided with an elongated aperature 7, 
and between the respective inner ends of the members 1 and the 
central portion of the member 4 are preferably provided water- 
tight washers. In operating this device the end portions of two 
wires are passed in opposite directions through the respective 
apertures 2 of the members 1 towards the interior of the latter, 
and thence through the aperture 7 in the member 4 and on until 
the respective ends pass out from the farther ends of the first- 
named members. The latter are then individually or simul- 
taneously screwed upon the member 4 and in directions opposite 
to one another, until the whole forms a rigidly-bound unit, in 
which case the individual conductors are twisted as shown, and 
present a union from which neither can be released by a direct 
ull, tho all of the elements of the union can be disconnected 
y suitable wrenches. (Accepted November 29, 1916.) 


102,137. F. E. Wilson, W. A. Shepherd, and Powell and 
Hanmer, Limited, Birmingham. Cables. (3 Figs.) Nov- 
ember 12, 1915.—The braided wire coverings employed on electric 
cables are difficult to finish in a neat and satisfactory manner at 
the ends, but the connection of such cables to other parts is 
rendered difficult if the ends of the braiding are left in a frayed 
and unfinished condition. The invention provides an end- 
finishing ferrule. The ferrule consists of an integral double 
sleeve having an inner sleeve portion a and a bent-over outer 


Fig. 





(r02137) 
capping portion or sleeve }b of larger diameter than the 
inner dates portion, so as to form therewith an annular 
for the reception of the end of the braided wire covering d of the 


cable. Slits c are cut in the outer sleeve to enable it to be opened 
when the ferrule is being applied. When in position, the inner 


and outer parts a, } of the ferrule are caused to closely embrace 
the end of the wire braiding d, the inner sleeve a be! nterposed 
between the wire braiding and@the insulation of the leads e. 


(Accepted November 22, 1916.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


” 102,228. Albion Motor Car Company, Limited, and 
T. B. Murray, Scotstoun. Trunk Pistons. (3 Figs.) 
June 30, 1916.—This invention relates to trunk pistons having a 
gudgeon pin on which the small end of the connecting rod is 
journalled, and in which are provided pipes or passages extending 
inwards from a groove around the circumference of the piston. 
According to the invention, the groove E is immediately above 
the bosses M in the piston which carry the ends of the gudgeon 
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io B on which rocks the small end of the connecting rod D. 
is groove communicates by openings through the wall of the 
— with the interior thereof, and a duct A (or ducts) leads 
rom the openings and discharges above the gudgeon pin. Oil 
between the piston and its cylinder walls passes into the groove 
around the piston and, on explosion of the charge, is blown 
inwards through the duct or ducts on to the gudgeon pin, thereby 
effectively lubricating the bearing on the connecting rod end. 
(A November 29, 1916.) 


102,200. E. Gardner, Patricroft. Fuel Injectors. 
(1 Fig.) March 14, 1916.—This invention relates to fuel injec- 
tors for internal combustion engines, and particularly to fuel 
injectors of the known type which deliver two fuels, one a readily 
ignitable fuel for ignition purposes and the other a less readily 
ignitable fuel for power pur , the former fuel being delivered 

ghtly in advance of the latter. The invention comprises the 
arrangement whereby the ignition fuel is delivered from the 
interior of the injector control valve adjacent to the valve seat, 
so that when the said valve is opened by the fuel pressure in the 





ordinary manner, the ignition fuel is Lyng into or towards 
the valve-seating ring or like part. and issues the first from the 
injector, without being dispersed into the injector body where 








passages A terminating on the inlet side of the valve seat. The 
upper surface of the valve seating g —— tapers rz ~4 
downwards as shown, so that when the valve is opened by 
fuel pressure in the ordinary manner the downwardly projected 
ignition fuel jet or jets coming from the valve will issue into the 
said ring and be directed towards the apertures leading to the 
tangent: ay whereby the fuel is given a swirling motion 
as it issues from the aperture j. (Accepted November 29, 1916.) 


GUNS AND EXPLOSIVES. 


14,286/15. Sir A.'T.Dawson and G. T. Buckham, London. 
Automatic Guns. (3 Figs.) October 8, 1915.—The mount- 


ing of the gan is so constructed and the 5 
7 rted thereby in a position that its muzzle is si 

behind the shield B. The axis d about which the moves 
in training intersects, or approximately intersects, the axis of 


the gun at a point situated at or near the muzzle, The firing 





4,286) 





rt in the shield can therefore be made of small width, and 
gunner can thus be effectively protected. The gun may be 
trunnioned to a training bar D, whose forward end may be 
detachably pivoted at d to the near face of the shield. Pi y 
connected to the said bar is a forwardly and downwardly e - 


ing strut E, whose forward end is pivotally supported by the 
shield at the lower part thereof. (Accepted 15, 1916). 

16,312/15. A. E. Thorneycroft, B m. Rifles. 
(6 Figs.) November 19, 1915.—According to this invention, a 


shield or combination shield and sighting device for rifles is of 
substantially conical form provided with a sighting or hole, 
means being provided whereby it can be fitted to any rifle at a 
position immediately behind the rear sight. The shield a, which 
may be made of sheet steel or the like, consists of a triangular 
base piece with one —_ pointing forwardly, and a ———— 
of arch-like form terminating in a point at the front extremity 


Lg. 2. 














(16312) 


whilst rising rearwardly and expanding rearwardly to a size 
sufficient to shield the upper part of the user's head. As shown 
the device is built in two , the main shield portion a 

an underside part b which is shaped to fit upon the 
rifie barrel and which is riveted to the part a. For securing the 
shield upon the rifle, spring arms c, c, which clip around the barrel 
immediately behind the rear sight, are provided. The device is 
provided with an adjustable sighting hole d formed in a slide ¢ 
connected to the part a by the slot f and securing member g; the 
slide is raised or lowered according to the range required. 
(Accepted November 22, 1916.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


17,310/15. E. S. Luard and G. H. Willans, London. 
Shaft Pp! . (7 Figs.) December 9, 1915.—Broadly 
stated, the coupling means, according to this invention, comprises 
or consists of a groove or channel in the exterior of one part, 
an internal corresponding groove or channel in another part, a 
plurality of balls or the equivalent in the channel or race formed 
when the are brought together, at least one suitably shay 
member pted to be driven between adjacent balls so as to 
said balls tightly against one another and some inst the wall 
of one groove or channel and some against the wall of the other 
—_ or channel, and means for forcing said member inwardly 

tween balls. 1 are portions of two shafts to be cow 
Adjacent the end of each shaft, annular grooves 2, 2, 
are turned. A corresponding number of similar grooves 3, 3, 
are turned in the pay mend of a coupling sleeve or cylinder 4, 
which embraces the adjacent end portions of the shafts 1, 1. 
Radial holes 5 are drilled through the coupling sleeve at each 





Se 


: age eo Fe alg 


Eta 


94 ENGINEERING. 


[JAN. 26, 1917. 








hannel 3. The parts being brought together with the grooves 3 The one winding ¢ is permanently in circuit, its opposite ends 
fo the sleeve 4 repistering with the grooves 2 in the shaft portions being connected to the respective track-rails band a. The other 
1, 1, the requisite number of balls 6 is inserted into each channel | winding f is in cireuit only so long as the relay-armature g 
thro the holes 5, and said holes 5 are closed by the screwed occupies the normal or attracted position wherein it is shown ; 
plugs 7. The inner ends of these screwed plugs 7 project into the | one of its ends being connected to the track rail b whilst the other 
grooves and between certain of the balls 6, and said inner ends | end is connected to one of a pair of contacts 17, whereof the other 
are tapered or coned. The plugs 7 are screwed in to the desired | is connected to the track-rail a. Only when the armature g is 
extent, but not so far as to cause the parts to be held against | in the meet — oo a pm a age ani — 

vement. The parts are then adjusted and the | by the movement of the armature. conne: 
ons att zee , the contacts 17. (Accepted November 22, 1916.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 
= ° (TUT) 

UY YY 102,000. J. L. Paxton, Omaha. Piston Rod Packing. 

; e Way. Up Lp (2 Figs.) February 19, 1916.—This invention relates to piston 

rk 5 Mg Bow | rod packing of the type comprising a ring formed of arcuate 

4 ks) YY NS | sections, each having a bevel at one end with the inclined face 

4s SS . of the bevel facing outward and a corresponding bevel at the 


other end with the inclined face facing inwards, each bevelled 
| surface lying substantially at a tangent to the surface of the 





ene | 


=e 7410) 


tapered plugs 7 screwed home as far as possible. The inward 
movement of the tapered pl causes the balls 6 to jam one | 
against another laterally in their respective channels, and by the | 
lateral preesure of the balls against one another one will 
tend to ee the adjacent ball inwardly or outwardly in a radial 
direction, and the balls will thus be so firmly jammed against | 
one another and nst the sleeve 3 and shaft portions 1, 1, | 
that the parts will be effectively locked together. (Accepted | 
November 29, 1916.) 


MINING, METALLURGY, AND METAL WORKING. 


— w. : soa yr. ow. ps4 Qa: | piston rod 2, and the inwardly facing inclined face of each section 
Furnaces. (2 Figs.) uly 22, 1916.—This invention relates | Overlying the outwardly facing inclined face of the adjacent 
to the repair of blocks of regenerative open-hearth furnaces | Section. The invention consists in the employment of a leaf 
whilst the furnace is working. a is the furnace, 6 a furnace door, | 8pring 3 for each packing ring section, which is arranged to 
¢ the working bed or hearth, d the air port, ¢ a gas port and | press at substantial y the centre of the section and is prevented 
A the centre. In the argangement oom the — h, aan & from circumferential nme yh tg be aoe 

> ; ed si mad elong ro 5 4 
preferably made of metal, has an inclined slot e in it, (Accepted November 15, 1916.) 


SHIPS AND NAUTICAL APPLIANCES. 


101,930. F.W. Le Tall, London (The Westinghouse Machine 
y VA Company, East Pittsburg, U.S.A.). Marine Turbines. (1 Fig.) 
Qu jo Gj, \\ May 5, 1916.—This invention relates to turbines for marine pro- 
WY, Y ulsion in which both the ahead and astern turbine elements are 
‘ g vided into sections which are located in separate casings. The 
ahead turbine has a high-pressure stage 4 and a low-pressure stage 
5. The astern turbine is a multiple-stage impulse turbine with the 
high-pressure s 6 located in the same casing with the high- 
ressure stage 4 of the ahead turbine, and the low-pressure stage 7 
ocated in the same casing with the low-pressure stage 5 of the 
, YY j ahead turbine. The stages 4 and 6 of the ahead and reversing 
AT \ YY g turbines respectively are provided with a common shaft 8, and 
the common g 9 is provided, intermediate its ends, with 
a diaphragm 10, which divides the interior of the casing into two 
compartments, one enclosing the stage 4 and the other stage 6. 
Mounted on the diaphragm 10 is a packing which forms a fiuid- 
ong —_ yt A = _— and wd yyy — 

ZZ after ha rave e -pressure stage 4, is delive 
VA through the 15 to it Towsposseune stage 5, and is 
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finally exhausted into the condenser 24. Steam delivered to the 
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and into this slot a retaining plate / is inserted. As will be seen, | 
this plate lies at a suitable anzle (usually the angle of the face of the | 
block) and forms a support for plastic material m, which is filled | 
in at the back thereof and on the top of the centre. By the time | 
both the centre and the plate are burned away the refractory 
plastic material has solidified and is left in position. The plate / 
may have a hole n in it for purposes of manipulation. (Accepted 
November 29, 1916.) 








RAILWAYS AND TRAMWAYS. 


102,087. W. R, Sykes Interlocking Signal Company, | 
Limited, and R. W. Tarrant, London. ilway Signalling. 
(1 Fig.) February 26, 1916.—A track-relay for use in a railway 
track-circuit system for the automatic electric control of a signal 
has two windings respectively adapted to create magnetic 
polarities of opposite sign in the relay core, the strengths of the | 
mutually-opposed magnetic fields being so adjusted as to counter- 

















| advisable to make the F eapened removable, and to this end they are 

| fastened, at intervals, by means of bolts and nuts. The plates b 

| cut off a segmental portion of the pipe which at present is a 
to pack full of sand or gravel or other material, which gradually 


Fig.7. 
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tends to choke the pipe unless the same is cleaned out at intervals, 
which, in the case of a long discharge pipe or pipe line, causes 
considerable trouble and expense. A second liner bl may also_be 
employed. (Accepted November 8, 1916.) 


TEXTILE MACHINERY. 


101,144. Maschinenfabrik Schweiter A.G., Horgen, 
Switzerland. Pirn W) Machines. (4 Figs.) August 6, 
1915.—This invention relates to an improved drive for actuating. 
the spindle shaft of winding machines in which the windin 
spindle performs a rotary movement in addition to an a 
movement. In winding machines of this kind the defect has 
shown itself that, owing to the rotary motion and to the simul- 
taneous axial movement of the winding spindle shaft, friction is 
set up which has a detrimental effect on the formation of the 
pirn or cop. Many attempts have been made to reduce this 
friction, but were unsatisfactory because the construction took 
up considerable space, the saving of which plays a great part in 
winding machines. The object of the present invention is to over- 
come these defects, and the invention lies substantially in 
the fact that the rotary motion of the spindle shaft is imparted. 
to it by a ball or balls freely disposed in a rotary sleeve on the 
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spindle shaft engaging axial qoore in the spindle shaft. The 
spindle 1 receives its axial reciprocating motion by means of a 
grooved cam 3 on the shaft 2. The spindle 1 carries at its rear 
end a sleeve 6, which is provided with a pin carrying a roller 4, 
which engages the groove in the cam 3. The spindle lies loose 
inside the sleeve 6 and is provided at the end with a nut, whilst 
at the opposite end of the sleeve 6 a stop ring is secured to the 
spindle. The sleeve 6 moves in a guide 10 provided at the 
bottom with a slot 9 to guide the enlarged portion of the pin 
carrying the roller 4. A sleeve 13 is loosely mounted on the fore- 
part of the spindle, which sleeve is rotatable, but not slidable in 
relation to the frame, and carries a toothed wheel 12 at one end. 
A box 16, similar in form to a ball-cage, is built into the other 
end of the sleeve 13. This box has three holes, in which balls 
are freely carried. The spindle 1 has three longitudinal grooves 
which serve to receive the inner half of the balls. When the 
sleeve 13 is rotated, the balls cause the spindle 1 to rotate 
without thereby hindering the spindle in its axial movement. 
mey to the balls being loosely carried, they can move freely 
= ¥ friction is reduced to a minimum. (Accepted November 1, 
1916. 


MISCELLANEOUS. 


101 ,843. T. Sloper, Devizes. Aeroplane Wheels- 
(2 Figs.) October 25, 1915.—According to this invention, a 
wire-wheel with a side drum attached for braking purposes is 
characterised by radial spokes which connect the rim and hub, 
such spokes being carried slidingly through the drum to secure 
it against lateral displacement, and the provision of other means 
to secure the drum centrally relatively to the wheel-rim, for the 
purpose of providing a light wheel and drum which can be readily 
trued. The wheel hub A is connected to the rim B by spokes Bl. 
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| port 17, after traversing the high-pressure stage 6 of the astern 
turbine, is delivered through the passage 19 to the low-pressure 
stage 7, and is finally exhausted to the condenser. A by-pass 28 
communicates with the passage 15 and with the inlet of the con- ; 
denser 24, and ‘s so arranged that it is capable of by-passing steam 
discharged from the high-pressure stage 4 around the low-pressure 
stage 5 direct to the condenser. Communication between the 
by-pass 28 and the passage 15 is controlled by a valve 30, and 
communication between the e 15 and the inlet port of the 
— 5is controlled by a valve 31, so located that when it is closcd 
and the valve 30 is open, steam issuing from stage 4 will pass 
directly to the condenser. A by-pass 32 is shown forthe reversing 
stage 7 which communicates with the 19 from the 
reversing stage 6 and with the inlet of the condenser, and is 
provided with a control valve 33. A valve 34, similar to the valve 
31 in the passage 15, is provided in the passage 19 between 
the inlet to the by-pass 32 and the inlet port 21 to the low- 
P stage 5, so that when the valve 34 is closed and the 
3 valve 33 Is open, steam exhausted from the high-pressure | 
stage 6 of the astern turbine will pass directly to the condenser. 
act, as far as is consistent with non-interference with the proper | (Accepted November 8, 1916.) 
working of the relay, the tendency of the core to become per- 101,944. H. D. Fitzpatrick, Glasgow. (A. W. Robinson, 
ly magnetised. In the drawing, a and 6 are the| Montreal, Canada.) Suction + (2 Figs.) July 3, 
res’ ive track-rails of an insulated block-section of the | 1916.—As will be seen from the draw ngs, the discharge pipe a | 
railway, ¢ is the track-cireuit battery connected across the | of the suction pump is provided with a liner b extending pa | 
tails a, b at one end of the section, and d is the track-relay | the bottom, the liner be! g constituted by one or more flat metal 
at the other end of the section. he relay d has two windings plates. These plates rest nst the inside of the pipe and extend | 
¢ and f, which are superposed one upon the other in parallel. | across the same at a few inches from the bottom. It is found 
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These spokes all lie clear of the brake-drum C. The side of the 
wheel on which the brake-drum is attached, however, is provided 
with a series of radial kes B2 which extend from the rim B 
to the hub A and pass ~ Ry Cl of the drum C. These 
spokes B2 secure the drum against lacement in the direction 
of the axis of the hub A, and other short tangential spokes B> 
extend from the rim B to the lip C1 of the drum C and secure the 
drum in a central position relatively to the nim B. (Sealed-) 








